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For Mocern studies 
in Methods 
and Materials 

choose a text from Macmillan 


ELEMENTS OF PRODUCTION PLANNING AND 
CONTROL 


by Samuel Eilon, University of London 


‘This book stresses the analytical method as the basic 
principle in the teaching and practice of production 
planning and control. It shows how problems in design, 
marketing, sales forecasting, capacity evaluation and 
quality control are related to those of production and 
inventory management. One of the text’s most valuable 
features is a wide background in other areas allied to 
industrial engineering. December, 1961 


THERMODYNAMICS, Fourth Edition 
by Virgil M. Faires, U. 8. Naval Postgraduate 
School, Monterey, California 


The new revision of this valuable text places greater 
emphasis on theory, providing a balanced treatment of 
applied and theoretical thermodynamics. The material 
has been expanded and reorganized to provide for 
greater teaching efficiency, and additional illustrations 
and reference sources have been included. Problem 
questions follow each chapter. March, 1962 


THEORY OF MODERN STEEL STRUCTURES, 
Volume I, Third Edition 
by L. E. Grinter, University of Florida 


This presentation of structural analysis treats it as an 
engineering subject, and offers more information on 
design than any modern text in the field. Four new 
chapters on plastic, or ultimate-load analysis have been 
introduced, and the existing material has been thor- 
oughly revised and up-dated. March, 1962 


MATERIALS AND PROCESSES IN MANUFACTURING, 

Second Edition 

by E. Paul DeGarmo, University of California 
(Berkeley) 


Here is an exhaustive examination of the basic theory 
of materials and manufacturing processes, written from 
the viewpoint of the design engineer. More than twenty 
new subjects are covered in this edition, and many of 
the discussions already included have been revised and 
expanded. The text includes over five hundred review 
questions and problems, almost all of which are new, 
with solutions available in an accompanying manual. 

April, 1962 

The Macmillan Company 
60 Fifth Avenue, New York 11, N. Y. 

A Division of The Crowell-Collier Publishing Company 
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ELEMENTARY SURVEYING, 4th Ed. 


By RUSSELL C. BRINKER, Professor of Civil Engineering, 
New Mexico State University; and WARREN C. TAYLOR, 
Professor Emeritus of Civil Engineering, Union College. 


The Fourth Edition of this popular book has been written primarily 
for students of engineering, architecture, geology, forestry, and the 
other sciences, who must know surveying and its many applications 
in their daily work. The improvements are complete, and up-to-date. 
The following changes characterize this edition: 


© The chapter on Theory of Measurements and 
Errors has been completely rewritten and ex- 
panded. 
Expanded discussions are given for the telluro- 
meter, geodimeter, and electrotape in the chapter 
on Linear Measurements. 
The subtense bar, triangulation, and trilateration 
are described. 
The approach to tape corrections has been re- 
vised to show the signs involved. 
A two-page isogonic chart replaces the single- 
page drawing. 

© The material on the compass has been upgraded. 

© The uses and advantages of the principle of re- 
version have been noted throughout the book. 
Astronomical data have been brought up-to-date 
in examples and tabulation. 
The use of second differences in checking para- 
bolic curves has been included. 
Valuable information has been included for 
photogrammetry, field astronomy, boundary sur- 
veys, and industrial applications of surveying 
methods. 

621 pages $7.25 1961 


INTERNATIONAL TEXTBOOK COMPANY 


Scranton 15, Pennsylvania 
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More than 450,000 pounds of thrust lifts the U. S. Army’s Nike Zeus missile skyward in a cloud of vapor. The Nike 
Zeus missile being developed for the project by the Douglas Aircraft Company will be designed to intercept ballistic 
missiles traveling over 15,000 miles per hour, and destroy them at a safe distance from the defended area. 


How do you stop an ICBM? 


How do you detect, track, intercept 
—and destroy in minutes—an ICBM 
that is moving through outer space 
ten times faster than a bullet? 

Bell Telephone Laboratories may 
have designed the answer: Nike 
Zeus, a fully automated system de- 
signed to intercept and destroy all 
types of ballistic missiles—not only 
ICBM’s but also IRBM’s launched 
from land, sea or air. The system is 
now under development for the 
Army Ordnance Missile Command. 

Radically new radar techniques 
are being developed for Nike Zeus. 
There will be an acquisition radar 
designed to detect the invading mis- 
sile at great distances. And a dis- 
crimination radar designed to dis- 
tinguish actual warheads from 


BELL TELEPHONE LABORATORIES 


World center of communications research and development 


harmless decoys that may be in- 
cluded to confuse our defenses. 

The system tracks the ICBM or 
IRBM, then launches and tracks the 
Nike Zeus missile and automatically 
steers it all the way to intercept the 
target. The entire engagement, from 
detection to destruction, would take 
place within minutes and would span 
hundreds of miles. 

Under a prime Army Ordnance 
contract with the Western Electric 
Company, Bell Laboratories is 
charged with the development of the 
entire Nike Zeus system, with assist- 
ance from many subcontractors. It 
is another example of the coopera- 
tion between Bell Laboratories and 
Western Electric for the defense of 


America. 
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Editorial Committee for the Journal of 
Engineering Education 


5 


Editor of the Journal and Chairman 


Northwestern University 
Massachusetts Institute of Technology 
University of Maine 

Purdue University 

University of Connecticut 
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Iowa State University 

University of Illinois 

Stanford 

University of Houston 

University of Washington (Prof. Emeritus) 
University of Cincinnati 
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W. E. Miller University of Illinois 
J. N. Purdue University 
S. P. Olms Rensselaer Polytechnic Institute 
A. A. Orr Oklahoma State University 
P. N. Powers Purdue University 
W. E. Restemeyer University of Cincinnati 
G. D. Sheckels University of Massachusetts 
F. R. Smith Air Force Institute of Technolo ogy 
G. J. Thaler U.S. Naval Postgraduate Schoo 
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L. H. Van Vla University of Michigan 
H. L. Wakeland University of Illinois 


Laboratory Equipment Available 


As an additional service, the Journal will hereafter carry advertisements 
from member institutions of the availability of pegged equipment. These 


advertisements will be carried on the same basis as 
vertisements, at the rate of $2 per line. Advertisements should 


the ad- 
sent to the 


Advertisin Manager, Journal of Engineering Education, University of Illinois, 


Urbana, Illinois. 


SUBSONIC WIND TUNNEL, NEWLY 
designed and constructed. 30 to 80 fps, 
30” x 30” cross section, 20’ long test sec- 
tion. Adjustable roof to permit varying 


pressure gradient, suitable for studeal 
instruction and research work. R. 7 
Shen, Colorado State University, Fot 
Collins. 
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330 West 42nd Street 
New York 36, N. Y. 


GRAPHICAL 
COMMUNICATION: 
Drafting, Sketching and 


Blueprint Reading 

By EARL D. BLACK, General 
Motors Institute. 328 pages. text 
ed. $5.75 


Presents the knowledge and techniques 
needed for communication among the de- 
signer, the technician, and the production 
supervisor. Provides complete instruction 
for accurate transition from the design 
ideas through the processes of building 
or manufacturing to the end product. Sep- 
arate problem book available. 


PRINCIPLES OF APPLIED 


ELECTRONICS 

By RALPH S. CARSON, Indi- 
ana Technical College. 485 pages. 
text ed. $7.00 


A dern, 2 ter, introductory text 
on electronic circuits and applications 
that provides an integrated discussion of 
the principles which govern the opera- 
tion of vacuum, gas, and semiconductor 
electron devices. 


RADIO-ELECTRONIC 
TRANSMISSION 
FUNDAMENTALS 

By B. WHITFIELD GRIF- 
FITH, JR., General Electrody- 
namics Corp. Ready January 


1962 


APPLIED STRENGTH 


OF MATERIALS 
By ALFRED JENSEN. 343 
pages. $5.75 


APPLIED ENGINEERING 
MECHANICS 

By ALFRED JENSEN, Emeri- 
tus Professor of Engineering; 
assisted by HARRY H. CHEN- 
OWETH, University of Wash- 
ington. Second Edition. 409 
pages. $6.50 
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McGRAW-HILL BOOK COMPANY, INC. 


ELECTRICITY AND 
ELECTRONICS FOR 
AEROSPACE 
VEHICLES 

By Northrop Institute of 
Technology. 392 pages. 
text ed. $9.75 


Provides thorough coverage of 
basic electrical and electronic 
theory and applies these prin- 
ciples to systems in modern air- 
craft, guided missiles, and space- 
craft. 


TECHNICAL 
CALCULUS AND 
ANALYSIS 

By HAROLD S. RICE, 
Wentworth Institute, and 
RAYMOND M. 
KNIGHT, Hudson Val- 
ley Technical Institute. 
450 pages. $6.75 


A practical, applied text on an- 
alytical geometry and calculus 
for those preparing for careers 
as engineering aides or techni- 
cians. Includes all functions us- 
ually considered in the study of 
elementary integration and dif- 
ferentiation. 


ELECTRONIC 
MEASURING 
INSTRUMENTS 


By HAROLD E. SOIS- 
SON, General Electric 
Co. 352 pages. $7.50 


CALCULUS FOR 
ELECTRONICS 


By A. E. RICHMOND, 
Tektronix, Inc. 407 pages. 
text ed. $6.00 


Send for approval copies 
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new and forthcoming books from 


AUTOMATIC CONTROL ENGINEERING 

By FRANCIS I. RAVEN, University of Notre Dame. McGraw-Hill Me- 
chanical Engineering Series. 402 pages, $11.50 

DIGITAL COMPUTATION FOR CHEMICAL ENGINEERS 

By LEON LAPIDUS, Princeton University. The McGraw-Hill Chemical 
Engineering Series. Available January, 1962 

INTRODUCTORY SYSTEM ANALYSIS: 

Signals and Systems in Electrical Engineering 

By WILLIAM A. LYNCH and JOHN G. TRUXAL, Polytechnic Institute of 
Brooklyn. The McGraw-Hill Electrical and Electronic Engineering Series. 
408 pages, $7.50 

PRINCIPLES OF LINEAR NETWORKS 

By BERNARD FRIEDLAND, OMAR WING, and ROBERT ASH, all, 
Columbia University. 270 pages, $8.95 

ELECTRIC MACHINERY, Second Edition 

By A. E. FITZGERALD, Jackson & Moreland, Inc.; and CHARLES KINGS- 
LEY JR., Massachusetts Institute of Technology. McGraw-Hill Electrical 
and Electronic Engineering Series. 568 pages, $10.75 

FOUNDATIONS OF FUTURE ELECTRONICS 

Edited by DAVID LANGMUIR, Ramo-Wooldridge Company; and W. D. 
HERSHBERGER, University of California, Los Angeles. The Unéversity of 
California Engineering Series. 500 pages, $10.75 

PRINCIPLES AND APPLICATIONS OF 

ELECTROMAGNETIC FIELDS 

By ROBERT PLONSEY and ROBERT E. COLLIN, Case Institute of Tech- 
nology. McGraw-Hill Series in Electronic and Electrical Engineering. 554 
pages, $12.75 

STATISTICAL MECHANICS 

By NORMAN DAVIDSON, California Institute of Technology. McGraw-Hill 
Series in Advanced Chemistry. Available January, 1962 

ELEMENTS OF THERMODYNAMICS AND HEAT TRANSFER, 
Second Edition 

By EDWARD F. OBERT, University of Wisconsin; and ROBERT L. 
YOUNG, University of Tennessee. Available January, 1962 
FOUNDATIONS OF STRUCTURES, Second edition 

By CLARENCE W. DUNHAM, Yale University. The McGraw-Hill Civil 
Engineering Series. Available January, 1962 

MECHANICAL METALLURGY 

By GEORGE DIETER, JR., E. I. du Pont de Nemours. McGraw-Hill Metal- 
lurgy and Metallurgical Engineering Series. 615 pages, $12.50 
INTRODUCTION TO STRUCTURAL STABILITY THEORY 

By GEORGE GERARD, College of Engineering, New York University. Avail- 
able January, 1962 

MACHINE DESIGN: An Introductory Text 

By DONALD J. MYATT, Antioch College. Available February, 1962 


CREATIVE PROBLEMS IN ENGINEERING GRAPHICS 
“—_ R. WEIDHAAS, The Pennsylvania State University. 120 pages, 


PRODUCTION MANAGEMENT 
By RAYMOND R. MAYER, Loyola University. Available January, 1962 


GEOLOGY AND ENGINEERING, Second edition 
By ROBERT F. LEGGET, National Research Council, Ottawa, Canada. 
Available January 1962 


MODERN TECHNOLOGY AND CIVILIZATION 
By CHARLES R. WALKER, Yale University. Available January, 1962 
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Do You Know 


e@ That apologies are extended to all 
for the short time permitted for the re- 
turn of suggestions for the nominees for 
officers and the return of the Yearbook 
data card? The transfer from one printer 
to another went smoothly and without 
major mishap except for the preparation 
of the new addressograph plates. There, 
one thing after another happened and 
the plates were not available for mailing 
as early as had been planned. We still 
want your correct address, title, and 
divisional affiliations, so if anything in 
last year’s Yearbook—Directory is in- 
correct, please send us the changes im- 
mediately. 


e@ That the theme for the recent ECPD 
annual meeting was “Where Does Pro- 
fessional Specialization Belong in the 
Engineering Curricula?” LeVan Griffis 
spoke on the “Problems of the Under- 
graduate Curricula,” L. E. Grinter on the 
“Problems of the Graduate Curricula,” 
William Selden on “The Problems of 
Accreditation,” and Lloyd Elkins spoke 
on “Effects on Industry.” The newly- 
elected officers are R. A. Morgen, presi- 
dent; W. Scott Hill, vice president; 
E. O. Kirkendall, secretary. Miss Elsie 
Murray continues as executive secretary. 
The committee chairmen are: Guidance 
—D. M. Seeley; Student Development— 
J. S. Johnson; Education and Accredita- 
tion—N. A. Hall; Development of Young 
Engineers—John Gammell; Recognition 
—Guy Savard; Ethics—E. K. Nicholson; 
and Information—F. W. Starratt. 


e@ That the Pacific Southwest Section 
is holding its annual meeting at the Star- 
dust Hotel in Las Vegas on December 
27 and 28? It is rumored that there will 
be a program, too. 


e@ That the ASEE-AEC Summer Insti- 
tutes on Nuclear Engineering for 1962 
have been announced? The new eight- 


week Orientation Institute for teachers 
wishing to introduce nuclear aspects into 
courses they are now teaching and who 
do not expect to specialize in teaching 
nuclear engineering subjects will be 
offered at Iowa State and North Carolina 
State. Reactor Kinetics, two entirely dif. 
ferent courses, will be offered at Penn 
State and at the University of Illinois, 
the latter is an eight-week course while 
the former is for six weeks. Four-week 
specialized institutes on reactor theory 
will be offered at North Carolina State, 
on reactor laboratory at the University of 
Florida, and on materials for nuclear 
reactors by the University of Washington 
at the Hanford Works, Richland, Wash- 
ington. 

e That the following are excerpts of 
the representatives of ASEE on the 
Council of the American Association for 
the Advancement of Science? At last 
years meeting Section M (engineering) 
continued its consideration of national 
and international aspects of systems and 
units which it called “Operations 
SCUDS,” meaning simplification, clarifi- 
cation, unification, decimalization, and 
standardization. The representatives o 
ASEE record, with concern, that engi- 
neering in the American Association for 
the Advancement of Science has de 
teriorated. It is their earnest desire to 
reverse the downward trend, which i 
reflected in the declining number @ 
engineering members in the association. 
In February 1958, Section M member 
ship was 4,077, or 7.5 per cent of the 
gross AAAS membership of 54,421. In 
addition, 1,926 members chose engineer 
ing as their secondary interest. In 1959, 
Section M’s membership dropped to 
3,715, and on June 1, 1960, it was only 
3,413, or 6.2 per cent of a membership 
totaling 55,095. The drop in engineering 
interest followed closely upon the 
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council’s ill-considered decision to dis- 
continue publication of The Scientific 
Monthly. The officers and Board of 
Directors of AAAS have not done much 
to encourage greater engineering par- 
ticipation in association activities. En- 
gineering is not represented on the 
board, but there are two engineers in the 
vice presidencies. Members of the en- 
gineering profession have it within their 
power to alter the situation and even 
change—or at least affect—the complex- 
io of AAAS activities and engineering 
interests. A strong program with a public 
relations motive could be arranged, ap- 
propriately by EJC, and the authors of 
significant papers could load the pages 
of Science with articles of engineering 
interest, not only to members of the pro- 
fession, but also to the 60,000 readers of 
this weekly journal. 


e That during the past decade, the west- 
em and north central states have ex- 
panded their higher education systems 
more rapidly than the south and north- 
east? The rising proportion of children 
attending college has replaced population 
growth as the most dynamic factor in- 
fluencing enrollment in higher education. 
Between 1950 and 1960, the total col- 
lege enrollment jumped from 2.3 to 3.6 
million. Yet the college-age population 
(18 through 24 years old) actually 
dropped from 15.8 to 15.6 million. Na- 
tionally, the number of students seeking 
degrees rose from 14.6 to 23.1 per cent 
of the college-age group. In 1960 Calli- 
fomia had 38 persons seeking college 
degrees for every 100 youngsters in the 
18 through 24 age bracket, leads all the 
major states in providing college educa- 
tion for its youngsters and has the highest 
total enrollment of any state. In con- 
trast, New York has about 27 students 
for every 100 people age 18 through 24. 
It ranks second nationally in total college 
enrollment, but has slipped from the 
fourth to the fourteenth place in the ratio 
of students to its college-age population 
during the past ten years. The District 
of Columbia, South Dakota, Nebraska, 
California, Oregon, Wyoming, North 
Dakota, Utah, Arizona, and Massachu- 
setts show the greatest percentage gains. 


Ix 


These data come from “College Enroll- 

ment Potential in Michigan, 1960-1975;” 

the author is David Goldberg, and copies 

may be obtained for one dollar each 

from the Institute for Public Administra- 

tion, University of Michigan, Ann Arbor, 

Michigan. 

e@ That this sounds like an up-to-date 

list of problems in engineering education? 

Engineering Students at the Time of 
Entrance to College 

Admissions and Eliminations of Engi- 
neering Students 

Engineering Graduates and Non-Gradu- 
ate Former Students 

Engineering Teaching Personnel 

Supplementary Activities of Engineering 
Colleges 

Costs of Engineering Education 

Engineering Degrees 

A Study of a Group of Electrical Engi- 
neering Graduates 

A Summary of Opinions Concerning En- 
gineering Curricula 

A Study of Engineering Curricula 

A Study of Evolutionary Trends in En- 
gineering Curricula 

A Study of the Cooperative Method of 
Engineering Education 

Opinions of Professional Engineers Con- 
cerning Educational Policies and 
Practices 

The Summer School for Engineering 
Teachers 

A Study of Placement Examinations 

A Comparative Study of Engineering 
Education in the United States and 
in Europe 


These are the titles of bulletins, 1 
through 16, respectively, published by 
ASEE (SPEE) under the general heading 
of “Bulletins of the Investigation of 
Engineering.” All were published prior 
to 1931 because they are listed in the 
January, 1931, issue of the JouRNAL OF 
ENGINEERING EpucaTION as publications 
of the Society. If anyone has copies of 
these bulletins or of any of the 13 “Bul- 
letins of the Summer School for Engi- 
neering Teachers,” please send them to 
the Secretary for the permanent records 
of the Society. 

e@ That the Periodical Monitor is a new 


| | 
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magazine, providing engineers immedi- 
ate reference to hundreds of articles on 
electronics and _ instrumentation each 
month? It features abstracts of the 
articles and is cross-referenced, with 
every abstract listed under every possible 
subject heading. There is no advertising 
content. For subscription information 
write to The Periodical Monitor and Ab- 
stract Service, 15 North Euclid Avenue, 
Pasadena, California. 


e@ That the National Science Founda- 
tion’s first grants under its institutional 
grants program totaled nearly $1,500,000 
going to 248 colleges and universities? 
The amount of each grant was five per 
cent of the amount of NSF basic research 
grant payments made to the institutions 
during the period of July 1, 1960, through 
March 31, 1961, with a maximum pay- 
ment of $37,500. The purpose of the 
grants is to strengthen the overall scien- 
tific research and research-training effort 
by providing flexibility for strengthening 
and balancing scientific research activi- 
ties without specifying the particular ac- 
tivities to be undertaken with the funds. 
The use of the funds is to be reported to 
NSF annually. 


e@ That 263 National Science Founda- 
tion graduate fellowships went to en- 
gineers for the academic year 1961-62? 
There were 4,875 applicants from all 
parts of the U. S. and its territories. A 
total of 1,537 fellowships were awarded 
in science, mathematics, and engineering; 
347 awards were in the life sciences, 34 
in certain areas of the social sciences, and 
893 in the physical sciences, exclusive of 
engineering. The purpose of the program 
is to encourage outstanding college grad- 
uates to obtain advanced training in the 
sciences and engineering on a full-time 
basis. 

® That copies of the Proceedings of the 
Advisory Conference on Mechanical En- 
gineering Experimental Laboratory Cur- 
ricula are now available? The results of 
this 1960 conference were published by 
the Engineering Experiment Station of 
Ohio State University as “Special Report 
20.” As long as they last, copies may be 
obtained by writing to the Engineering 
Experiment Station, 156 West 19th 
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Avenue, Columbus, Ohio. This public 
service on the part of Ohio State and its 
Experiment Station is sincerely appreci- 
ated. 


@ That the U. S. Office of Education has 
completed negotiations of 123 contracts 
totaling $8.4 million for research and 
studies on how to improve teaching of 
modern foreign languages? The money 
became available under Title VI of the 
National Defense Act for 1958 and has 
been allocated for the three years, 1959, 
1960, and 1961. Eighty-three languages 
and dialects are involved. It is estimated 
that this program will accomplish in four 
years what would normally have taken 
half a century. Every geographical area 
in the world is represented in the pro- 
gram, but emphasis is given to the Near 
and Middle East, the Far East, South 
and Southeast Asia. The 12 projects in 
the African languages is limited because 
only about a dozen scholars are com- 
petent to work on the languages. Pro- 
ficiency tests for teachers are being 
developed by the Educational Testing 
Service. The new instructional programs 
being developed in the commonly taught 
languages will lead to the expansion of 

the customary high school two-year lan- Re 
guage program to a complete sequence by | 
of language training for grades 7 through 1 
12. Physics, chemistry, the biological 5] 
sciences, and now the languages have te 
ceived their millions and the results have 
been judged to be very beneficial. There 
is no doubt but what the graduates of 
secondary school will be much _ better 
prepared in the future. This means thal 
the colleges and universities must be sure 
that they will be adapting their pr 
grams to the “new” students. Engineering 
cannot afford to overlook the prepare 
tion of the high school graduate and must 
readjust its programs to the quality d 
incoming students. It now is time fo 
engineering education to get its million 
of dollars and develop appropriate pr0- 
grams before we learn by the hard way 
that our curricula and course contest 
haven’t kept up with the capabilities o 
the incoming students. 

W. Leighton Collins 
Secretary, ASEE 
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NEW PUBLICATIONS 
from PRENTICE-HALL 


Basic Principles and Calculations 


in Chemical Engineering 


by DAVID M. HIMMELBLAJU, University of Texas 
February, 1962 Approx. 480 pp. Text price: $9.75 


Basic Graphics 
by WARREN J. LUZADDER, Purdue University 
February, 1962 Approx. 704 pp. Text price: $9.75 


A Writer's Guide for Engineers and Scientists 


by ROBERT R. RATHBONE and JAMES B. STONE, 
Both at Massachusetts Institute of Technology 


January, 1962 Approx. 288 pp. Text price: $5.95 


Reliability: Management, Methods, and Mathematics 


by DAVID K. LLOYD and MYRON LIPOW, Both at Space Technology 
Laboratories, Inc., Los Angeles. In the P-H International Series in 
Space Technology, Edited by C. William Besserer and Floyd E. Nixon 


January, 1962 Approx. 608 pp. Text price: $11.25 


Modulation and Coding in Information Systems 


By GORDON M. RUSSELL, University of Arizona. In the P-H Electrical 
Engineering Series, Edited by William L. Everitt 


January, 1962 Approx. 256 pp. Text price: $6.75 


Mechanical Behavior of Engineering Materials 
by JOSEPH MARIN, The Pennsylvania State University 
January, 1962 Approx. 560 pp. Text price: $11.25 


Write for approval copies: BOX 903 
PRENTICE-HALL, INC., Englewood Cliffs, New Jersey 


XI 
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INSTRUCTIONAL 
WATER 


TURBINES 
FOR 


HYDRAULICS 
LABORATORIES 


KAPLAN 

FRANCIS 

TURGO IMPULSE 

PELTON WHEEL 
DYNAMOMETER PUMP SETS 
VENTURI METERS ETC. 


AGENTS 


C. A. Auffmordt & Co., 
225 Fourth Avenue, 
New York, 3, N.Y. 


Misco, Incorporated, 
1123 West Hanford Street, 
Seattle, 4, Washington. 


Write for 
bulletin 
M 6. 


GILBERT GILKES & GORDON LTD 

WATER TURBINE & PUMP MANUFACTURERS 

KENDAL Telephone: Kendal 28 ENGLAND 

London Office: CRAVEN HOUSE, KINGSWAY, LONDON, W.C.2. Tel: HOLBORN 3231 
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Wiley BOOKS 


MECHANICS OF 
ENGINEERING STRUCTURES 


By GROVER L. ROGERS, The Florida State University, 
and M. LANDER CAUSEY, The Citadel. Modern ap- 
proaches to the solution of modern structure problems are 
offered in this book, with the bar as the primary component 
under consideration. Stresses and displacements are dis- 
cussed with respect to whether this component be elastic 
or plastic, whether it be part of a plane or space structure, 
whether it be straight or curved, and whether it be sub- 
jected to static or dynamic loads. The authors have not 
concentrated on any particular type of structure—this ap- 
proach makes the book flexible and relevant to architectural, 
civil, and aeronautical engineers alike. It is also suitable 
for students preparing for careers in research in engineering 
mechanics and engineering science. 


Special features which distinguish this text. . . 


e An integrated treatment of all basic physics of bar type 
or framed structures and the mathematical tools most 
appropriate thereto 


e Treats the subject in a truly professional manner, assum- 
ing the reader to be reasonably well versed in elementary 
mechanics 


@ Designed for use at junior or senior level 


@ Flexible arrangement to fit the special needs of particular 
courses 


e@ Problems numbered by section for easy reference when 
preparing assignment sheets 


@ Designed for use where special texts might now be used 
for statically determinate and statically indeterminate 
courses. 


1962 Approx. 488 pages. Prob. $8.95 


Send for your examination copy today. 


JOHN WILEY & SONS, Inc. 


440 Park Avenue South, New York 16, N. Y. 
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Announcement of Awards 


Nomination forms for the awards listed below and a convenient form 
for summarizing information may be obtained from the Committee Chair- 
man or from the Secretary of the Society, W. Leighton Collins, University 


of Illinois, Urbana, Illinois. 


Lamme Award 


The Lamme Award consists of a gold 
medal and bronze replica bestowed an- 
nually upon a distinguished engineering 
educator for excellence in teaching and 
contributions to research and technical 
literature; achievements which contribute 
to the advancement of the profession, 
and engineering college administration. 
The Lamme trust fund was established 
in memory of Benjamin Garver Lamme 
in 1928. 

Preliminary nominations should be 
submitted by letter to the Chairman of 
the Lamme Award Committee, M. R. 
Lohmann, Dean of Engineering, Okla- 
homa State University, Stillwater, Okla- 
homa, on or before January 1, 1962. 
Additional information should be mailed 
by February 1, 1962. 


Vincent Bendix Award 


This gold medal and citation are pre- 
sented for outstanding research contribu- 
tions, either in original thought or ad- 
ministrative leadership, to a staff mem- 
ber of an engineering college in the 
United States. The Award was estab- 
lished through the efforts of the ECRC 
and the Bendix Aviation Corporation. 

Preliminary nominations should be 
submitted on or before January 1, 1962, 
to J. R. Ragazzini, Dean of Engineering, 
New York University, University Heights, 
New York 53, N. Y. Additional informa- 
tion should be submitted by February 
1, 1962. 


Curtis W. McGraw 
Research Award 


Primarily intended to recognize an 
outstanding young member of an engi- 
neering college research staff in the 


United States, the Award is limited t 
nominees who will be under 40 year 
of age on June 30, 1962. This prize, 
sponsored by ECRC with the assistance 
of the McGraw-Hill Book Company, con. 
sists of $1,000 in cash and an engraved 
certificate. 

Preliminary nominations should le 
submitted to C. M. Sliepcevich, Chemical 
Engineering Department, University of 
Oklahoma, Norman, Oklahoma, by Janu. 
ary 1, 1962. Additional information 
should be submitted by February 1, 1962 


George Westinghouse Award 


This award was established by the 
Westinghouse Educational Foundation a 
an annual award to young engineering 
teachers of outstanding ability to recog 
nize and encourage their contributions to 
the improvement of teaching methods fo 
engineering students. It consists o 
$1,000 in cash and an engraved cer 
tificate. Nominations should be sent ti 
the Chairman of the Committee, E. k 
Whitehead, Director, Department o 
Electrical Engineering, Illinois Institute 
of Technology, Chicago 16, IIl., by March 
1, 1962, and they must be accompanied 
by documentary evidence supporting 
major statements and claims. 


James H. McGraw Award 


Each year the Technical Institute Di 
vision presents to an outstanding cor 
tributor to Technical Institute education 
this award. Established by the McGraw 
Hill Book Company, the award consist 
of $500 and an engraved certificate 
Nominations are to be submitted to the 
Chairman of the James H. McGraw 
Award Committee, H. E. McCallick 
Capitol Radio Engineering Institute, 
Washington, D. C., by March 1, 1962. 
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Man is like a Goldfish in a Bowl of Ink 


Man's view of the "ultraviolet universe” is shut 
off by the blanket of air which surrounds him. 


The earth's atmosphere is like the ink ina 
goldfish bowl. It absorbs so much of the ultra- 
violet light from outer space that little gets 
through to show us what lies out there. 


But now, an electronic imaging tube, sensitive 

to this ultraviolet light has been developed by 
Westinghouse Research scientists. Westinghouse 
is working with the Smithsonian Institution and 
the National Aeronautics and Space Administration 
to mount these tubes in satellites so that they 
can "see" in outer space and radio their findings 
back to earth. 


Every time mankind removes the limitations on 


human sight . . . with the telescope, the micro- 
scope, the fluoroscope and electronic imaging 
tubes . . . we find things which have a pro- 


found effect upon our lives. 


Perhaps talented students in your classes 
would be interested in a challenging career at 
Westinghouse, an equal opportunity employer. 
For information write: L. H. Noggle, 
Westinghouse Educational Department, 
Pittsburgh 21, Pennsylvania. 


You can be sure. . . if it's Westinghouse 
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how ‘tar is 


Like about 239,000 miles if you're part of tie 
scientific team at Ford Motor Company§ 
Aeronutronic Division in Newport Beagh 
California. 


A leader in missile development, Aeron 
tronic was assigned to build the U.S.'s fig 
moon capsule for the NASA Ranger tune 
exploration program. This 300-pound instfi 
mented package will be launched by a larga 
spacecraft for impact on the moon's surfaga 
where it will transmit computer data to eariiy 


Meanwhile, back on this planet, men af 
ideas are in constant motion at Aeronutront 
planning scientific break-throughs which 
effectively transform new concepts into prag 
cal products for industry and defense. 


Aeronutronic has been awarded pf 
contracts for the Air Force ‘Blue Seo 
rocket-space program; the development@ 
DECOYS in the Air Force ICBM prograit 
SHILLELAGH surface-to-surface guided mig 
siles for the Army. 


Ford Motor Company recognizes the vile 
relationship of science to national secufiif 
Through our Aeronutronic Division sii 
plemented by our scientific research aim 
engineering facilities at Dearborn, Michigaiag 
we actively support long-range basic resealin 

as an indispensable source of today's secufill 

and tomorrow's products. This is anothtt 
example of Ford’s leadership througi 
scientific research and engineering. 


PRODUCTS FOR THE AMERICAN ROAD + THE FARM + INDUSTRY + AND THE AGE OF SPACE ¢ Gord 


MOTOR COMPANY 
The American Road, Dearborn, Michigaft 
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OFFICERS NOMINATED FOR 1962-63 


The Nominating Committee met in Kansas City on Friday, Novem- 
ber 17, and selected the following candidates: 


For President, one year Glenn Murphy 
Professor and Head of Theoretical and Applied Mechan- 
ics, Iowa State University; member, General Council, 
1946-47, 1953-55; Vice President, 1957-59; member, Nu- 
clear Committee, 1957- ; Chairman, Study of Objective 
Criteria for Nuclear Engineering Education, 1960- ; 
member of ASEE since 1929. 


For Vice President, Instructional Division, 
George A. Hawkins 

Dean of Engineering and Director, Engineering Experi- 
ment Station, Purdue University; member, Committee on 
Recognition and Incentives for Good Teaching, 1952-53; 
member, Atomic Energy Education Committee, 1952-54; 
member, Committee for Evaluation of Engineering Edu- 
cation, 1952-55; member, Annual Meeting Committee, 
1959-  ; Chairman, Advisory Committee for the 1960 An- 
nual Meeting; member of ASEE since 1930. 


For Vice President, Sections West of the 
Mississippi River Archie Higdon 

Professor and Head of Mechanics, United States Air Force 
Academy; member, Mechanics Division Executive Com- 
mittee, 1957-60; Vice Chairman, Rocky Mountain Section, 
1958-59; Chairman, Rocky Mountain Section, 1959-60; 
Chairman, Mechanics Division, 1959-60; Chairman, Local 
Committee for the 1962 Annual Meeting; member of 
ASEE since 1938. 


For Treasurer, one year George D. Lobingier 
Director, Educational Department, Westinghouse Electric 
Corporation; member, General Council, 1953-55; member, 
ECAC Manpower Committee, 1957-60; member, Nuclear 
Committee, 1958-59; member, Industrial Membership 
Committee, 1958-59; member, George Westinghouse 
Award Committee, 1958- ; Chairman, Financial Policy 
Committee, 1960- ; member of ASEE since 1945. 


ADDITIONAL NOMINATIONS 


In accordance with the revisions of the constitution and bylaws 
adopted in June of 1957, additional nominations may be made by peti- 
tion of fifty (50) signatures of members of the Society in good standing. 
The nominee must indicate a willingness to serve, if elected, before his 
name can be placed on the ballot. Petitions are to be submitted to 
the Secretary of the Society by January 15, 1962. 


Ballots with the names of all candidates will be mailed to the 
membership by February 15. Ballots received by the Secretary by 
March 31 shall determine the election of the officers as of April 1. Their 
terms of office shall begin ten days after the date of the Annual Meeting. 
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THE 1961 ECRC RESEARCH REVIEW... 


A Detailed Summary of Current 
Research Programs 


121 Institutions Reporting on Projects 


For: College Faculty Seeking Co-Workers 
Students Interested in Graduate and Advanced Studies 
Governmental, Industrial and Foundation Representatives Interested in 
Engineering College Research Programs 


Order Form 


ENGINEERING COLLEGE RESEARCH REVIEW 


Mail to: W. LeicHton Co tins, Secretary 
American Society for Engineering Education 
University of Illinois 

Urbana, Illinois 


Please send me.....................- cop(ies) of the 1961 ENGINEERING 
COLLEGE RESEARCH REVIEW. 


Payment of $4.00 per copy is enclosed oO 


Send invoice with delivery 


Director, 
niversity 
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ostering Creativity in Students of Engineering 


DONALD W. MacKINNON 


Director, Institute of Personality Assessment and Research, 


niversity of California, Berkeley 


We have no certain knowledge as to 
how to foster more effectively the po- 
ential creativity of engineering students. 

is is not to say, however, that we know 
othing about the creative process and 
reative persons. Recent investigations, 
ike those in the Institute of Personality 

essment and Research on the Berkeley 
ampus of the University of California, 
have shed considerable light upon the 
Mature of creativity and the distinguish- 
ng characteristics of highly creative per- 
ons. But to make inferences from these 
ndings as to how to identify creative 
botential in engineering students and how 

est to develop their creativity, is a 
recarious undertaking. 

The difficulties are several. Most of the 

bjects in our investigations have been 
ature persons in a number of fields of 
reative endeavor: engineering and sci- 

tific research in industry, mathematics, 
chitecture, writing, etc. Whether or not 
r to what extent we can generalize from 

r findings with mature, creative, pro- 
uctive individuals to students in schools 
md colleges of engineering, I do not 

ow. 


A talk given to the Faculty Seminar, 
School of Engineering, Stanford 
University, California, November 
30, 1960. The findings reported 
here are from a larger investigation 
of creative work and creative work- 
ers in the arts, sciences, and pro- 
fessions being carried out in the 
Institute of Personality Assessment 
and Research supported in part by 
funds granted by the Carnegie Cor- 
poration of New York. The state- 
ments and views expressed 
here are, however, solely the re- 
sponsibility of the author. 


Although our subjects have told us 
about their early years and especially 
their experiences in school and college, 
we must remind ourselves that, first, these 
are self-reports subject to the mispercep- 
tions and_ self-deceptions. of all self- 
reports, and, second, the conditions in 
colleges and in society which would ap- 
pear to have contributed to creative de- 
velopment 15 to 30 years ago might fail 
to facilitate creativity or might even in- 
hibit it in today’s vastly different world. 
Furthermore, we do not know that the 
traits which distinguish our creative 
workers as adults characterized them 
when they were students. 

We have also studied students: candi- 
dates for the Ph.D. in some 14 fields of 
study, senior women in a college of 
liberal arts, and graduating seniors, most- 
ly honor students, in the College of En- 
gineering on the Berkeley campus of the 
University of California. But when we 
find in these students, as we have in 
some, the same patterns of traits which 
characterize our mature, creative persons, 
we cannot be certain that we have identi- 
fied those who will be living productive, 
creative lives 15 to 30 years from now. 
Until future follow-up studies of our 
student subjects are made, any predic- 
tions as to which of them will be creative 
in their professional careers are not yet 
confirmed. 

In view of all these warnings, how can 
I venture any suggestions as to how you 
may more effectively identify and develop 
creativity in your students? The most I 
can do is the following: First, I shall 
assume (but note that this is only a ques- 
tionable assumption) that the interests, 
values, attitudes, cognitive styles, and 
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personality patterns of mature creative 
workers are congruent with or fore- 
shadowed by the interests, values, atti- 
tudes, cognitive styles, and personality 
patterns of students who have creative 
potential or are already manifesting crea- 


tivity. Second, I shall do no more than ° 


make the best guesses I can as to what 
conditions in colleges and in society and 
more specifically in your instruction will 
tend to maximize and bring to realization 
the potential of students for creative 
thought and action. 


What Is Creativity? 


Since creativity has been so variously 
defined, I feel some obligation to indicate 
the sense in which I use the term. True 
creativity, I would argue, must fulfill at 
least three conditions. It involves a re- 
sponse that is novel or at least statis- 
tically infrequent. But novelty or origi- 
nality of behavior, while a necessary 
aspect of creativity, is not sufficient. If 
a response is to lay claim to being a part 
of the creative process, it must to some 
extent be adaptive to reality. It must 
serve to solve a problem, fit a situation, 
or in some sense correlate with reality. 
And, thirdly, true creativity involves an 
evaluation and elaboration of the original 
insight, a sustaining and developing of 
it to the full. 

What I am suggesting is that creativity 
is a process which has a time dimension, 
and which involves originality, adaptive- 
ness, and realization. It may be brief, as 
in the jam session of a jazz band, or it 
may involve a considerable span of years, 
as was required for Einstein’s creation of 
the theory of relativity. 


Phases of Creativity 


There are distinguishable stages or 
phases of creativity: (1) a period of 
preparation during which one acquires 
the skills, techniques and elements of 
experience which make it possible for 
one to pose a problem to oneself, (2) a 
period of concentrated effort to solve the 
problem, which may be suddenly solved 
without much delay or difficulty, but 
which perhaps more often involves so 
much frustration and tension and dis- 
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comfort that out of sheer self-protection 
one is led to (3) a period of withdrawal 
from the problem, a psychological going. 
out-of-the-field, a period of renunciation 
of the problem or recession from it, (4) a 
period of insight, a sudden cognitive 
reorganization of the problem accom. 
panied by the exhilaration, glow and 
elation of the “aha” experience, and (5) a 
period of verification, evaluation and 
elaboration of the insight which one has 
experienced. 

The process has been well described 
by Bertrand Russell, who has written 
that, “In all creative work that I have 
done, what has come first is a problem, 
a puzzle involving discomfort. Then 
comes concentrated voluntary application 
entailing great effort. After this a period 
without conscious thought, and_ finally 
a solution bringing with it the complete 
plan of a book. This last stage is usually 
sudden, and seems to be the important 
moment for subsequent achievement” 
(Hutchinson, 1949, p. 112). 

For most persons, however, the process 
of creativity is not so easily come by as 
it apparently is for Bertrand Russell, nor 
are all of its phases easy to endure. We 
should perhaps, then, be prepared to 
discover that those who have high crea- 
tive potential as well as those who have 
demonstrated true creativity will showa 
disposition to undertake problems where 
the degree of difficulty and frustration is 
great, and the drive toward completion 
or accomplishment is persistently strong. 


The Assessment Method 


The data which I shall report to you, 
and whose implications I shall discuss, 
have been gathered in a series of investi 
gations of creative work and _ creative 
workers in the arts, sciences, and profes 
sions. In this research we employ what 
has come to be known as the assessment 
method, the distinctive method of psy- 
chological research which was developed 
in the Office of Strategic Services during 
World War II for the purpose of studying 
the functioning of highly effective it 
dividuals. Its essential feature is that the 
persons to be studied are brought te 
gether for several days at an assessmett 
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center, where they meet with each other 
and with staff members, and participate 
in a series of experiments, psychological 
tests, and interviews covering the life 
history and professional career. 


The assessed groups with whom I shall 
be most concerned in this report are the 
research scientists working in industry 
and the senior engineering students men- 
tioned earlier. 


The sample of research scientists con- 
sisted of 45 males employed in three in- 
dustrial organizations which are engaged 
in research and development in the fields 
of guided missiles and electronics.' 


The 45 subjects ranged in age from 
24 to 54 with a mean age of 35 years. All 
but one are married. Twelve were foreign 
born. All but five of the group have had 
some formal graduate training; and 28 
of them have earned the doctorate in 
their specialties. Seventeen had been 
trained as engineers, 22 as scientists 
(mostly in physics), five in mathematics, 
and one defies classification. Each re- 
search scientist was rated by two super- 
visors and peers on the “creative origi- 
nality” which he had shown in his work. 


These data permit two breakdowns of 
the sample: (1) 17 engineers vs. 27 non- 
engineers (physical scientists and mathe- 
maticians), and (2) 15 industrial research- 
ers with highest mean ratings on creative 
originality vs. 15 industrial researchers 
with lowest mean ratings on creative 
originality; these latter will be referred 
to as Highs and Lows on creative origi- 
nality. 

The sample of engineering students 
consisted of 40 male seniors, mostly honor 


*This study of professional research scien- 
tists was conducted by Dr. Harrison G. 
Gough and Mr. Donald G. Woodworth. I 
am indebted to them for the findings here 
presented. For an over-all report on their 
research see the forthcoming monograph, 
H. G. Gough and D. G. Woodworth, Per- 
sonal'ty Patterns Among Research Scientists 
(in preparation), and the articles already 
published by them listed in the references 
for the present paper. The firms in which the 
industrial researchers worked were the Dal- 
mo-Victor Company, San Carlos, California; 
the Lockheed Corporation Laboratories, Sun- 
nyvale, California; and Varian Associates, 
Stanford, California. 
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students, who were willing to be studied.* 
Each assessed student was rated by 
faculty members on a number of criterion 
variables, the most important for our 
present discussion being the rating of 
“originality potential.” 

Two other assessed samples, data from 
which will be referred to when relevant, 
are a nation-wide sample of 40 architects 
nominated by architectural experts as 
highly creative, and a comparison sample 
of 41 architects, matching the creatives 
with respect to age and geographic loca- 
tion of practice but not recognized by ex- 
perts as being especially creative.? The 
relevance of these samples to our discus- 
sion lies in the fact that architects usually 
have some training in engineering as well 
as in art and have to have skill and com- 
petence in both, as well as in architecture. 


Patterns of the Creative 


The first finding to which I would call 
your attention is one which we made in 
our first study of graduate students. This 
finding (Gough, 1953), repeatedly con- 
firmed in subsequent studies of other 
groups, is that those individuals who are 
rated high on originality or score high 
on a composite measure of originality 
(Barron, 1955) reveal a characteristic 
pattern of scores on certain scales of the 
Strong Vocational Interest Blank (Strong, 
1959). From sample to sample there has 
been some slight variation, but the gen- 
eral pattern is this: the more original sub- 
jects show relatively higher scores on 
such scales as psychologist, architect, 
author-journalist, and specialization level, 
and relatively lower scores on scales such 
as purchasing agent, office man, banker, 
farmer, carpenter, veterinarian, and un- 
derstandably enough, policeman and 
mortician. 


This pattern of relatively high and 
relatively low scores on the Strong Voca- 
tional Interest Blank suggests that the 


* The assessment of student engineers was 
also conducted by Dr. Harrison G. Gough 
and Mr. Donald G. Woodworth, who have 
made the findings here presented available 
to me. 

*The study of architects has been con- 
ducted by the present writer in collaboration 
with Dr. Wallace B. Hall. 
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more original subjects are less interested 
in small detail, in facts as such, and more 
concerned with their meanings and im- 
plications, possessed of greater cognitive 
flexibility, and characterized by verbal 
skills, and interest as well as accuracy in 
communication with others. 

Architects match this pattern of high 
and low scores on the Strong Vocational 
Interest Blank most closely. The match is 
somewhat less good for research scien- 
tists, and least close for student engi- 
neers. The traits to be inferred from this 
particular pattern of scores are, then, 
somewhat less characteristic of student 
engineers than of research scientists and 
architects. 

If more original persons are distin- 
guished from less original individuals in 
terms of interests as measured by the 
Strong Vocational Interest Blank, one 
might also expect more creative indi- 
viduals to have a pattern of values dif- 
ferent from less creative persons; and 
indeed they do. 

Eduard Spranger, the German psychol- 
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men: the theoretical, the economic, the 
aesthetic, the social, the political, and the 
religious. The Study of Values, a test de. 
vised by Allport, Vernon, and Lindzey 
(1951), measures the relative strength of 
these six values in the individual. To 
simplify the presentation of scores on 
this test I shall in Figure 1 report data 
only for the 40 creative architects, the 
entire sample of 45 research scientists, 
and the 40 student engineers. Creative 
architects and research scientists as well 
as all other creative groups we _ have 
studied show on this test an elevation on 
both theoretical and aesthetic values. As 
you will see in Figure 1, the highes 
value for research scientists is theoretical 
(57.0) followed by aesthetic (47.5); for 
architects the aesthetic value is the high- 
est (56.2) with the theoretical value in 
second place (50.8); while for creative 
mathematicians the two values are ap- 
proximately equally high (aesthetic 54/, 
theoretical 52.9). The other values tend 
to be low, and their slight variations in 
strength from group to group need no 


ogist, has described six basic values of concern us here. 
(\70 70 
Research Scientists 
High | 60 
N Architects 
50 
40 
Average < | 40 
7| 30 30 
Student Engineers 
Low | 20 20 
THEORETICAL | ECONOMIC | AESTHETIC | SOCIAL | POLITICAL | RELIGIOUS 
40 Architects 50.8 28.4 56.2 29.8 40.0 34.8 
45 Research ‘ 
Scientists 57.0 36.3 475 29.1 41.9 28 
40 Student 
41.6 366 33.1 41.5 35.4 


Profiles of Values on the Allport—Vernon -Lindzey Study of Values 


Figure | 
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The simultaneous high valuing of the 
theoretical and the aesthetic by all of our 
ceative groups is especially interesting 
ince the authors of the test assert that 
‘the aesthetic attitude is in a sense dia- 
metrically opposed to the theoretical; 
the former is concerned with diversity, 
ad the latter with identities of experi- 
ace” (Allport, Vernon, and Lindzey, 
1951, p. 13). They describe the dominant 
interest of the theoretical man as the dis- 
covery of truth, that of the aesthetic man 
ss form and beauty. The theoretical man 
is thought of as having a highly-de- 
veloped cognitive attitude, seeking only 
to observe and to reason, and being un- 
concerned with either the beauty or the 
utility of objects. The aesthetic man, on 
the other hand, is pictured as one who 
judges all experience from the standpoint 
of fitness, grace, and beauty. If there is 
indeed for most persons some conflict be- 
tween theoretical and aesthetic values, it 
would appear that one characteristic of 
the creative person is the capacity to tol- 
erate the tension of opposed strong values 
and to effect some integration, synthesis, 
or reconciliation of them. For the truly 
creative person it is not sufficient that a 
problem be solved; there is the further 
demand that the solution be elegant. 

It is interesting to compare the profile 
of values of student engineers with that 
of highly creative groups. The highest 
value of student engineers is, like that of 
the creatives, the theoretical; but the 
aesthetic is not highly valued by them. 
Instead, the economic (41.6) and the po- 
litical values (41.5) tie for second place. 
Then, very much less pronounced are the 
aesthetic (36.6), the religious (35.4) and 
the social (33.1) values. Student engi- 
neers, it would appear, are less interested 
in form and harmony, in aesthetically 
pleasing and elegant solutions. Instead 
their interest focuses upon what is useful 
and productive (the economic value) and 
the exercise of power and influence (the 
political value). The aesthetic viewpoint 
permeates all of the work of our mature 
creative subjects, but not of the student 
engineers. 


Something of this same difference is re- 
vealed on another test administered in 
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our studies: the Barron Welsh Art Scale 
of the Welsh Figure Preference Test 
(Barron and Welsh, 1952) which re- 
quires of the subject that he designate 
as “Liked” or “Disliked” each of 62 ab- 
stract line drawings which range from 
simple and symmetrical to complex and 
asymmetrical. In the original study which 
standardized this test some 80 painters 
in New York, San Francisco, New Or- 
leans, Chicago, and Minneapolis showed 
a marked preference for the complex and 
asymmetrical figures. A contrasting sam- 
ple of non-artists revealed a marked pref- 
erence for the simple and symmetrical 
drawings. The scale, originally standard- 
ized as a test of artistic interest and 
ability, has shown itself to be more than 
this, namely, a measure of creative talent. 


On this scale, it is not surprising to 
find artists, as shown in Table 1, receiv- 
ing the highest mean score (39.1), but 
what is especially interesting is that when 
we have groups from a single profession, 
one more creative than the other, the 
more creative sample scores higher than 
the less creative sample on this scale. 
Creative architects score 37.1, testing very 
close to the artists, while architects un- 
selected for creativity score only 26.1. 
Similarly highly-creative industrial re- 
searchers score 30.7 (next to creative 
writers) while industrial researchers of 


TABLE 1 


BARRON-WELSH ART SCALE: WELSH FIGURE 
PREFERENCE TEST MEAN SCORES AND STAND- 
ARD DEVIATIONS FOR VARIOUS GROUPS 


Group N_ | Mean} SD. 

Creative Architects ..| 40 | 37.1 9.8 
Creative Writers... . 12:5 
Research Scientists 

(High creativity)...| 15 | 30.7 | 10.4 
Women Mathematic- 

41 27.0 | 14.7 
Architects in general..| 41 421 
Student Engineers 40 | 21.5 | 11.8 
Research Scientists 

(Low creativity).. 1S} 39.2 5° 8:7 
Nonzartist (standard- 

izing sample)..... 30 | 18.4) — 
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lower creativity score only 19.2 (next to 
the standardizing sample of non-artists). 
Student engineers as a group score 
slightly higher than the industrial re- 
searchers of low creativity, namely 21.5, 
but still relatively low as compared to 
our several creative samples. This is con- 
gruent with the student engineers’ rela- 
tively low aesthetic value on the Study of 
Values, and like that finding suggests that 
student engineers need stimulation of 
their aesthetic interest and appreciation 
if their creative potential is to be de- 
veloped. 

If one considers the psychological 
meaning of the preference for the in- 
volved complex and asymmetrical as 
against the more orderly, simple and sym- 
metrical figures, the differential scores on 
the Art Scale suggest that creativity is 
characterized by a disvosition to welcome 
and to admit into the perceptual system 
complexity and some degree of disorder 
without experiencing unpleasant tensions 
or anxiety. In short, the creative person 
appears to have both a strong need and 
a superior capacity to achieve the most 
far-reaching ordering of the richness ad- 
mitted into experience and to discover 
higher-order integrating and reconciling 
principles. 

On the Myers-Briggs Type Indicator 
(Myers, 1958), a test designed to place 
individuals in the scheme of personality 
types developed by the Swiss analytical 
psychologist, Carl G. Jung, the similari- 
ties and differences between our several 
samples are rather intriguing. 
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In the language of this test it may be 
said that whenever a person uses his 
mind for any purpose he performs either 
an act of perception (he becomes aware 
of something) or an act of judgment (he 
comes to a conclusion about something), 
And most people are inclined to show a 
rather consistent preference for and 
greater pleasure in one or the other of 
these, preferring either to judge or to 
perceive. 

An habitual preference for the judging 
attitude may lead to some prejudging, 
and in any case to the living of a life 
that is controlled, carefully planned, and 
orderly. A preference for the perceptive 
attitude results in a life that is more open 
to experience both from within and from 
without, and characterized by flexibility 
and spontaneity. A judgmental type wil 
place more emphasis upon the control 
and regulation of experience, while a per. 
ceptive type is inclined to be more open 
and more receptive to all experiences and 
to seek to know as much as possible 
about life. 

As may be seen in the Judgment-Per 
ception columns of Table 2, creative 
architects (Architects I) tend to be per 
ceptive types, 58 per cent of them pre 
ferring perception to judgment, while of 
the 41 architects unselected for creativity 
81 per cent are judgmental. 

Research scientists tend to be judging 
types, whether high in creativity (Re 
search Scientists I) or low in creativity 
(Research Scientists II). Though stil 
constituting the minority of research 


TABLE 2 


PERCENTAGE DISTRIBUTIONS OF THE PREFERENCES ON THE MYERS-BRIGGS TYPE INDICATOR 
; FOR SAMPLES INDICATED* 


Sample N_ |Extraversion-| Sensation- Thinking- Judgment- 
Introversion Intuition Feeling Perception 

40 35 65 0 | 100 50 50 40 58 
Architects II. . Seek 41 32 63 39 59 51 46 81 17 
Research Scientists I... .. 15 33 67 0 | 100 67 27 60 40 
Research Scientists II... . 15 40 60 13 80 87 13 67 33 
Student Engineers... . 40 32 68 40 58 65 30 40 52 


* Percentages of preferences for a given sample do not always sum to 100 since subject 
may fail to show a differential preference for any one of the four pairs of opposites whic 
determine an individual’s type. 
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scientists, perceptive types occur among 
the more creative slightly more often 
(40%) than among the less creative 
(33%). 

There is a slight tendency for the stu- 
dents to favor perception (52%) rather 
than judgment (40%). Since we know, 
however, that people tend to become 
somewhat more judgmental with age, this 
very slight favoring of a perceptive open- 
mindedness may well disappear by the 
time these students reach the age of the 
research scientists. 


The second preference in this scheme 
is for one of two types of perception: 
sense-perception or sensation, which is a 
direct becoming aware of things by way 
of the senses, vs. intuitive perception or 
intuition, which is indirect perception of 
the deeper meanings and possibilities in- 
herent in things and situations. 


Preliminary norms for this test suggest 
that three out of four persons in the gen- 
eral population will be classified as sense 
perceptives. They concentrate on things 
as they are experienced through their five 
senses, and they center their attention 
on existing facts. The one out of every 
four who perceives intuitively looks ex- 
pectantly for a link or bridge between 
that which is given and present and that 
which is not yet thought of, focusing ha- 
bitually upon possibilities. Among col- 
lege students and college graduates the 
percentage of intuitive types increases 
markedly. 


There is no doubt that we would expect 
creative persons not to be stimulus- and 
object-bound but alert to the as-yet-not- 
realized; and indeed 100 per cent of the 
creative architects (Architects I) and 100 
per cent of the more creative research 
scientists (Research Scientists I) are in- 
tuitives rather than sense-perceptives. It 
is noteworthy that 80 per cent of the re- 
search scientists who receive the lower 
ratings on creative originality are also 
intuitive. In view of these findings it is 
interesting to note that the percentage 
of intuitives among architects unselected 
for creativity is only 59 per cent, prac- 
tically identical with the percentage of 
intuitives among student engineers 


(58% ). 
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If we use sense-perception to tell us 
what is and intuition to tell us what may 
be, we use thinking and feeling in judg- 
ing and evaluating our experience. This 
is the third preference in psychological 
functioning which everyone shows. 
Thinking-judgment or thinking is a logi- 
cal process, aimed at an impersonal fact- 
weighing or analysis. Feeling-judgment or 
feeling is a process of appreciation and 
evaluation of things which gives them a 
personal and subjective value. 

The thinking-feeling columns of Table 
2 indicate that research scientists and 
student engineers tend to be thinking 
types. Artists, we know, show a prefer- 
ence for feeling. And since architects have 
to be both artists and engineers, and some 
are more of one and others more of the 
other, it is intriguing to discover that in 
both samples of architects the preference 
is about evenly divided between thinking 
and feeling. 

The final preference in Jungian typol- 
ogy is the well-known one between in- 
troversion and extraversion. The extra- 
vert’s primary interests lie in the outer 
world of people and things, while the in- 
trovert’s primary interests lie in the inner 
world of concepts and ideas. 

All three of our groups are inclined to- 
ward introversion and with about the 
same frequency. This finding jibes with 
other test results which indicate a fre- 
quent introverted orientation and desire 
for aloneness and independence on the 
part of our creative subjects. On one test 
of interpersonal behavior, for example, 
our creative architects revealed even less 
desire to be included in group activities 
than that expressed by the naval and 
civilian personnel who volunteered to 
man the Ellsworth Station outpost in 
Antarctica during the International Geo- 
physical Year. Note, however, that a lack 
of interest in group activities need not 
imply a lack of interpersonal skills. When 
the creative architect has to interact with 
others he often does so in a dominant 
manner with marked social pressure and 
sometimes with consummate skill. 

A fundamental characteristic of our 
creative subjects is a strong motivation to 
achieve in situations in which independ- 
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ence of thought and action are called for, 
and they show much less interest in or 
motivation to achieve in situations which 
demand conforming behavior (Gough, 
1957). 


A glance at the life histories of our . 


creative subjects reveals that certainly not 
all of them had the kind of happy homes 
and favorable life circumstances so gen- 
erally thought to be conducive to sound 
psychological development. Some experi- 
enced rather brutal treatment at the 
hands of their fathers. These, to be sure, 
constitute the minority, but they appear 
today no less creative than those whose 
fathers offered them quite satisfactory 
male figures with whom easy identifica- 
tion could be made, though there is some 
evidence that they are not so effective or 
so successful in their profession as the 
others. 

Settling upon their life careers came 
early for some, one of whom already at 
four had decided he wanted to be an 
architect. Others were slow in coming to 
a professional identity, not deciding until 
several years past college that architec- 
ture was what they wanted to practice. 
In the case of several of these, the choice 
of a life profession was made the more 
difficult by virtue of the fact that they 
possessed so many skills and interests, 
providing them with the possibility of 
many quite different careers. 

But our present interest is upon the 
careers of our subjects as students, and 
in this connection we may note that 
though the research scientists tended to 
be honor students in high school, they 
report having been unhappy during this 
period both at school and at home. In 
college their academic performance 
worsened; few of them were honor stu- 
dents and most earned no better than a 
C+ to B— average, grades which would 
hardly admit them to graduate study to- 
day. There is some hint that they were 
more inclined to follow their own inter- 
ests and independently explore problems 
of their own setting. 

Our creative architects performed 
somewhat better academically in college, 
averaging about a B. But in their college 
work they were even more independent 
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TABLE 3 


MINNESOTA MULTIPHASIC PERSONALITY Iy.- 
VENTORY MEAN STANDARD SCORES ON THE 
MF (FEMININITY) SCALE FOR VARIOUS GRoups 


Group | Mean 
Creative Architects.......... 40 72 
Architects in General........ 41 65 
Research Scientists.......... 45 67 
Student Engineers........... 40 63 


than the research scientists. In work and 
courses which caught their interest they 
could turn in an A performance, but in 
courses that failed to strike their imagi- 
nation, they were quite willing to do no 
work at all. In general, their attitude in 
college appears to have been one of pro- 
found skepticism. They were unwilling 
to accept anything on the mere say-so of 
their instructors. Nothing was to be ac- 
cepted on faith or because it had behind 
it the voice of authority. Such matters 
might be accepted, but only after the stu- 
dent on his own had demonstrated to 
himself their validity. In a sense, they 
were rebellious; but they did not nn 
counter to the standards out of sheer 
rebelliousness. Rather, they were spirited 
in their disagreement and one gets the 
impression that they learned most from 
professors who were not easy with them. 
But clearly many of them as students 
were not easy to put up with. One of the 
most rebellious, but as it turned out, one 
of the now most creative, was advised by 
the dean of his school to quit because 
he had no talent; and another, having 
been failed in his design dissertation 
which attacked the stylism of the faculty, 
took his degree in the Art Department. 
In the realm of their sexual identifica- 
tions and interests, our creative subjects 
appear to give more expression to 
feminine side of their nature than do les 
creative persons (Table 3). On the Mf 
(femininity) scale of the Minnesota 
Multiphasic Personality Inventory (Hath 
away and McKinley, 1945), creative 
architects have a mean standard score of 
72, architects in general a mean standarl 
score of 65, where 50 is the norm. On the 
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same scale research scientists earn a 
mean score of 67, student engineers 63. 

Similarly on the Fe (femininity) scale 
of the California Psychological Inventory 
(Table 4), mean standard scores for the 
several samples, where 50 is again the 
norm, are: creative architects 57, archi- 
tects not selected for creativity 52, re- 
search scientists 53, student engineers 46. 


TABLE 4 


CALIFORNIA PsyCHOLOGICAL INVENTORY 
MEAN STANDARD SCORES ON THE FE (FEMI- 
NINITY) SCALE FOR VARIOUS GROUPS 


Group N_ | Mean 
Creative Architects.......... 40 57 
Architects in General........ 41 52 
Research Scientists.......... 45 53 
Student Engineers........... 40 46 


From these data it would appear that 
more than most, creative persons are able 
to recognize and give expression to all 
aspects of inner experience and character, 
including the feminine, admitting into 
consciousness and behavior much which 
others would repress. If one were to cast 
this into the language of C. G. Jung, one 
would say that creative persons are not 
so completely identified with their mascu- 
line persona roles as to blind themselves 
to or deny expression to the more femi- 
nine traits of the anima. For some of the 
most creative the balance between mas- 
culine and feminine traits, interests, and 
identifications is a precarious one, and for 
several it would appear that their pres- 
ently-achieved reconciliation of these op- 
posites of their nature has been barely 
achieved and only after considerable 
psychic stress and turmoil. 


Intelligence and Creativity 


Concerning intelligence as a predictor 
and as a component of creativity, I have 
% far said nothing, for the simple reason 
that it is by no means the case that the 
most intelligent persons are the most 
creative. If they were, the identification 
and development of creative talent in 
our students would be simple indeed. 

Over the whole range of intelligence 
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one would expect to find a positive cor- 
relation between general intellectual abil- 
ity and creativity. No feeble-minded sub- 
jects have turned up in any of our sam- 
ples selected for their creativeness. 

Yet look at Table 5, which lists the 
mean total scores for several ability 
groups on the Terman Concept Mastery 
Test (1956), a high-ceiling test of verbal 
intelligence. It is not surprising that on 
such a test creative writers outstrip all 
others. But it is interesting to note that 
the group with the second highest mean 
score, the subjects in Lewis M. Terman’s 
(1957) study of the intellectually gifted, 
has fewer highly-creative persons than 
one would expect to find in a group so su- 
perior in intelligence. On the other hand, 
the architects, one of the most creative of 
our groups, earn a mean score of only 
113.2, with individual scores ranging 
widely from 39 to 179. And in this group 
creativity in architecture as rated by a 
panel of experts correlates —.08 with 
scores on the Concept Mastery Test, a 
value not far different from the correla- 
tion between intelligence and creativity 
in our other creative groups. For the re- 
search scientists the intercorrelation of 
the two variables is —.07. These correla- 
tions are not significantly different from 


TABLE 5 


MEAN SCORES AND STANDARD DEVIATIONS 
FOR VARIOUS GROUPS ON THE CONCEPT 
Mastery Test, Form T 


Group N_ | Mean} S.D. 
Creative Writers...... 20 |156.4 | 21.9 
Subjects of Stanford 

Gifted Study...... 1004 |136.7 | 28.5 
Women Mathematic- 

41 |131.7 | 33.8 
Graduate Students... 125 |119.2 | 33.0 
Research Scientists. ... 45 |118.2 | 29.4 
Creative Architects. ... 40 |113.2 | 37.7 
Undergraduate 

Students... .| F-F 33:0 
Spouses of Gifted Sub- 

Electronics Engineers 

and Scientists. ..... 95 | 94.5 | 37.0 
Engineering College 

40 | 80.4 | 27.9 
Military Officers... ... 344 | 60.3 | 31.6 
Independent Inventors) 14 | 50.8 | 34.7 
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zero. It is rather clear that a certain 
amount of intelligence is required for 
creativity, but beyond that point being 
more or less intelligent is not crucially 
determinative of the level of an indi- 
vidual’s creativeness. 


The mean score of the engineering col- 
lege students at Berkeley, 80.4, is less an 
indication of low intelligence on the part 
of these students than it is an indication 
of the narrowness of their intelligence. 
The Concept Mastery Test is described 
as “a measure of ability to deal with ab- 
stract ideas at a high level” (Terman, 
1956, p. 3). It consists of two parts: Part 
I, Synonyms-Antonyms, is essentially a 
vocabulary test of knowledge; Part II, 
Analogies, is a test of word knowledge, 
general information, and reasoning ability. 
On such a test of verbal intelligence and 
range of information, student engineers 
reveal the narrowness of their interests 
and information. 

On other less verbal tests of intellec- 
tual functioning included in our battery, 
they do relatively very much better. And 
on the Minnesota Engineering Analogies 
Test, Form F (Dunnette, 1955), which 
“combines features of an abstract reason- 
ing test with those of a comprehensive 
engineering achievement test,” they do 
very well indeed, as Table 6 indicates. 


TABLE 6 


MINNESOTA ENGINEERING ANALOGIES TEST, 
ForM F, MEAN SCORES AND STANDARD DEVI- 
ATIONS FOR VARIOUS GROUPS 


Group N_ | Mean} S.D. 
Engineering College 

Seniors (U.C. Berke- 

Research Scientists ... A5 35.0.) 6.5 
Engineering Graduate 

Students....... 62 | 34.1 6.5 
Engineering College 

miors..... 28.9.1: 6.5 
Employed Engineers. 174 | 27.2] 8.0 


Another indication of the cultural nar- 
rowness of engineering students is their 
mean score as compared to that of other 
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groups on the General Information Sur. 
vey (Gough, 1954), a test of range of 
information in some sixteen areas of gen- 
eral and cultural interest: art, athletics, 
ballet, clothes and clothiers, food, history, 
household goods, liquor and wine, local 
and regional lore, mores, music, mythol- 
ogy, recreation, religion, science, and 
theater. On this test the mean score for 
research scientists is 46.11 (S.D. 8.55), 
for creative architects 42.22 (S.D. 6.65), 
but for our student engineers only 36.08 
(S.D. 7.25). 

These findings concerning the intellec. 
tual competence and achievements of 
senior engineering students make one 
wonder whether the bases for selection of 
students for admission to the College of 
Engineering and the curriculum which 
they experience there are not too narrow, 
Is it possible that the intellectual promise 
and creative potential of students of en- 
gineering are conceived too narrowly and 
identified in the minds of their instructors 
with academic achievement in engineer 
ing subjects? Our data suggest that this 
is indeed the case. 

It is a characteristic of assessment 
studies that the psychological assessor 
are kept in ignorance of the relative 
standing of subjects on the major dimen- 
sion under investigation. Indeed, criterion 
measures of creativity have been collected 
only after our assessments have been 
completed, or, if available earlier, have 
not been made known to the staff until 
all of their impressions have been tt 
corded. 

It is of some interest to inquire, ther, 
as to what agreement exists between the 
ratings of originality and creativity given 
by us and those made independently by 
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if the research scientists our ratings of 
wiginality correlated +.30 with the out- 
ide criterion, a positive relationship 
which though low is statistically signifi- 
cant. In the case of the architects, staff 
stings of their originality correlated +.61 
with the experts’ ratings of creativity. 

The engineering faculty's conception of 
aeative originality is obviously quite dif- 
ferent from ours, and by inference dif- 
ferent also from other “experts’” notions 
about creativity. How do they conceive 
weative originality in their students? A 
partial answer to the question can be 
found in an examination of those variables 
with which their ratings of creative origi- 
ulity are highly correlated. Here they 
we: +.73 with grade point average, 
+.77 with faculty rating of scientific pro- 
ductiveness, +.82 with scholastic per- 
frmance (faculty rating plus GPA), and 
+.84 with faculty rating of scientific 
competence. And these are just about all 
the variables with which faculty ratings 
ifcreative originality show any significant 
and sizable correlations. The conclusion 
sinescapable: for the engineering faculty 
the creativity of their students is not dis- 
tinguishable from and therefore is largely 
equated to their achievement in engi- 
neering courses. It would appear that stu- 
dents are selected on the basis of their 
engineering aptitude and achievement 
ad it is for this that they are rewarded 
in the course of their training. 


kelecting Creativity 


And what, we may now ask, are the 
implications of the findings which I have 
ported to you for the identification and 
development of creativity in students of 
engineering? 
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and achievement. One would hardly sug- 
est that aptitude for engineering or 
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achievement in the subject are irrelevant 
factors or that they should be ignored, 
but one might well raise the question 
whether these indices alone identify stu- 
dents with creative potential. 

I think our findings with respect to in- 
telligence suggest that creative subjects 
are in the main well above average on 
this dimension. Their brains have an un- 
usual capacity to record and retain and 
have readily available the experiences of 
their life histories. The intelligent person 
is more discerning (more observant in a 
differentiated fashion), he is more alert 
(can concentrate attention readily and 
shift it appropriately), and he is more 
fluent in scanning thoughts and produc- 
ing those which meet some problem-solv- 
ing criterion. Such a person will generally 
have more information (in the most gen- 
eral sense of the term) at his command. 
Furthermore, items of information which 
he does possess may more readily enter 
into combination among themselves, and 
the number of possible combinations is 
increased for such a person both because 
of the greater information and the greater 
fluency of combination. Since true crea- 
tivity, as I have indicated, is defined by 
the adaptiveness of a response as well as 
its unusualness, it is apparent that in- 
telligence alone will tend to produce 
greater creativity. The more combinations 
that are formed, the more likely it is that 
some of them will be creative. 

But if range of information, interests, 
and skills are narrow and within a single 
field of knowledge, the number of items 
available for new combinations may well 
be inadequate to the demands of the sit- 
uation requiring a creative solution. A 
broadening of interests both within the 
classroom and in the intellectual climate 
of the school seems clearly indicated. 


But intelligence alone does not make 
for creativity. Some of our most creative 
subjects score lower on measures of in- 
telligence than do some of our less crea- 
tive subjects. What seems to characterize 
the more creative person is a relative ab- 
sence of repression and suppression as 
mechanisms for the control of impulses 
and images. Repression operates against 
creativity regardless of how intelligent a 
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person may be because it makes unavail- 
able to the individual large aspects of 
his own experience, particularly the life 
of impulse and experience which gets as- 
similated to the symbols of aggression 
and sexuality. Dissociated items of ex- 
perience cannot then combine with one 
another; there are barriers to communica- 
tion among different systems of experi- 
ence. The creative person, who does not 
characteristically suppress or repress, but 
rather expresses, has more available to 
him his own unconscious, and thus has 
fuller access to his own experience. Fur- 
thermore, because the unconscious op- 
erates more by symbols than by logic, the 
creative person is more open to the per- 
ception of complex equivalences in ex- 
perience, facility in poetic metaphor be- 
ing one consequence of the creative per- 
son’s greater openness to his own depths. 

What to me is most strongly suggested 
by our findings is that we should seek to 
develop in students a capacity for in- 
tuitive perception and intuitive thinking, 
an immediate concern for implications, 
and meanings, and significances, and pos- 
sibilities beyond that which is presented 
to the senses. This is not to suggest a 
slighting of facts, for there is a great 
wealth of information which every edu- 
cated person must possess. Without a 
richness of experience, which includes a 
considerable body of fact, and especially 
so in engineering, intuitions may be origi- 
nal but they are not likely to be very 
creative. But I would urge that in our 
instruction and in our training we never 
present a fact for its own sake, and that 
in our testing of our students’ knowledge 
we shun questions which require no more 
than identification of facts and formulas. 
I am convinced that we can measure in- 
formation which students have learned 
more reliably, more validly and more 
economically by objective tests than by 
essay examinations. But it remains true, 
I believe, that a student’s preparation for 
and actual writing of an examination 
which requires dealing with problems 
forces him to exercise his intuitive per- 
ception. 


Rote-learning, learning of facts for their 
own sake, repeated drill of material, too 


much emphasis upon facts unrelated to 
other facts, and excessive concern with 
memorizing, can all strengthen and re. 
inforce sense-perception. On the other 
hand, emphasis upon the transfer of 
training from one subject to another, the 
searching for common principles in terms 
of which facts from quite different do- 
mains of knowledge can be related, the 
stressing of analogies, and similes, and 
metaphors, a seeking for symbolic equiva- 
lents of experience in the widest possible 
number of sensory and imaginal modali- 
ties, exercises in imaginative play, train- 
ing in retreating from the facts in order 
to see them in larger perspective and in 
relation to more aspects of the larger con- 
text thus achieved; these and still other 
emphases in learning would, I believe, 
strengthen the disposition to intuitive per- 
ception and intuitive thinking. 

If the widest possible relationships 
among facts are to be established, if what 
I would call the structure of knowledge 
is to be grasped, it is necessary that the 
student have a large body of facts which 
he has learned as well as a large ary 
of reasoning skills which he has mastered. 
You will see, then, that what I am pro 
posing in teaching is not that we slight 
acute and accurate sense-perception, but 
that we use that to build upon, leading 
the student always to an intuitive under 
standing of that which he experiences 

I would remind you that “ledge,” th 
second element in the word knowledg, 
means sport. “Knowledge is the result 
playing with what we know, that is, with 
our facts. A knowledgeable person it 
science is not, as we are often wont ti 
think, merely one who has an accumult 
tion of facts, but rather one who has the 
capacity to have sport with what b 
knows, giving creative rein to his fan 
in changing his world of phenomenal ap 
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pearances into a world of scientific cor 
structs” (MacKinnon, 1953, p. 145). Am 
so it is in all fields, not science alone. 

While our data suggest that a rich d 
velopment of intuitive powers facilitate 
creativity, they do not deny the necessiti 
of accurate sense-perception. It is a ma 
ter of which gets emphasized. 
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ing attitudes, both of which each of us 
possesses and uses but to different de- 
gees. One must often enough judge and 
evaluate one’s own experience, but it is 
important that we not prejudge, thus ex- 
duding from perception large areas of 
experience. The danger in all academic 
instruction is that we criticize new ideas 
too soon and too often. Training in crit- 
ism is obviously important and so much 
emphasized that its case need not be 
pleaded. Rather I would urge that an 
equal stress be placed on perceptive 
open-mindedness, discussing with stu- 
dents at least upon occasion the most 
fantastic of ideas. It is our duty as pro- 
fessors to profess what we have judged to 
be true, but it is no less our duty by ex- 
ample to encourage our students to be 
open to all ideas and especially to those 
which most challenge and threaten our 
own judgments. We give lip service to the 
university as the testing ground for new 
ideas, but too often our emphasis is upon 
testing rather than on-new ideas. 

I am struck by the discrepancy be- 
tween the scores our creative subjects 
eam on the achievement via independ- 
ence and the achievement via conform- 
ance scales of the California Psychological 
Inventory. And I am also struck by the 
descriptions of their behavior when in 
college. These data are congruent with 
all our observations in assessment which 
suggest that these subjects are now and 
for a long time have been independent 
characters. It is an independence which 
manifests itself not in footless rebellion 
but in the accomplishment of goals which 
the individual sets himself and which he 
achieves in his own unique fashion. I 
would infer from this that if we are to 
encourage creativity in college students 
we must give them a maximum of free- 
dom in achieving their educational ob- 
lectives. 

It is our task as educators to set goals 
for the college and for the individual 
courses. The goals, I believe, should be 
set in only the most general fashion, but 
they must be set high enough to chal- 
lenge the student and to involve him in 
the overcoming of obstacles. 


More specifically I would suggest that 
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no course or seminar deserves a place in 
a college curriculum unless it requires of 


_ the student the solution of some problem 


—a research project, a term paper, etc. 
The requirement, stated in only the most 
general fashion, permits the student to 
determine what specifically his own prob- 
lem will be. Thus he chooses, he sets the 
problem, and having done so, he might 
well be left to solve it in his own way. 
Thus we would provide the student with 
what I believe to be one of the necessary 
conditions for creative achievement: the 
undertaking of the solution of a problem 
where the degree of difficulty and frustra- 
tion is great and the drive toward ac- 
complishment is persistently strong. 


If goals are set high enough, repeated 
periods of frustration will be experienced. 
It is at these times which I have called 
periods of withdrawal from the problem 
that the college community, if it is a 
stimulating intellectual environment, can 
contribute importantly to the nourishment 
of creativity. For it is often in these pe- 
riods of renunciation of the frustrating 
problem that those accidents which in- 
duce sudden insight and are thus not 
accidents at all, since one is set for them, 
occur. 


This, as I see it, is the meaning of 
serendipity, the finding of valuable or 
agreeable things not sought for. If, when 
a student withdraws from a problem 
which has repeatedly frustrated his at- 
tempts at solution, he moves in an en- 
vironment alive with ideas and stimulat- 
ing conversation, the chances of the in- 
sight-inducing accident’s occurring are 
made greatest. 

Finally, I think our data should remind 
us that our creative students may not al- 
ways be to our liking. Almost certainly 
we will at times find them difficult to get 
along with. But if we recognize that some 
of their behavior which may be most ir- 
ritating to us arises out of a struggling 
attempt to reconcile opposites in their 
nature and to tolerate large quantities of 
tension as they strive for a creative solu- 
tion to difficult problems which they have 
set themselves, we may be in a better 
position to support and encourage them 
in their creative striving. 


| 
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NSPE TO CERTIFY TECHNICIANS 


The NSPE has authorized the establishment of an Institute for the Certification of 
Engineering Technicians, the purposes of which are: (1) elevate the performance 
standards of engineering technicians as an important part of the engineering team, 
(2) determine the competence of engineering technicians through investigations and 
examinations to test the qualifications of voluntary candidates for certificates to be 
issued by the Institute, as hereinafter set forth; and (3) grant and issue certificates to 
engineering technicians who voluntarily apply therefor and maintain a registry 
holders of such certificates. 

The Institute is an examining and certifying body only which will determin 
qualification for three classes of technician upon voluntary submission of credentials by 
a person seeking such recognition. It is not another technical society, nor is it a clas 
of membership in NSPE. 

Persons engaged in the practice of engineering are excluded from consideration 
since matters in the professional realm fall under the jurisdiction of the various stale 
boards of engineering examiners. To make certain that no confusion exists and that 
there is no misunderstanding on the part of the certificate ho!der, or misrepresentatio 
on their part, each certificate “shall carry thereon a statement to the effect that such 
certification does not constitute a license to practice engineering.” (Rules of Procedure 
Section 5) 
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Career Choice and Curriculum Evaluation’ 


GILBERT K. KRULEE and EUGENE B. NADLER 
Northwestern University and Case Institute of Technology 


When a freshman begins a program of 
professional education, what determines 
his reactions to his chosen program of 
study? At that time he has undoubtedly 
begun to form an image of his vocation 
which influences his decisions about edu- 
cation and curriculum. If we question 
him about what he would consider ideal 
in his chosen curriculum, we discover in 
his answers some reflections of that 
image and some implications for the kind 
of curriculum he believes he needs to 
realize it. 


Suppose also that we question him 
about what he expects realistically. We 
would see by his answers that he expects 
some of his desires to be fulfilled but that 
he also anticipates certain discrepancies 
between his ideal and the education he 
will actually receive. 


The data to be discussed were obtained 
from students at Case Institute of Tech- 
nology, an engineering school in Cleve- 
land with a total enrollment of approxi- 
mately 1600 undergraduates of whom 
500 are admitted as freshmen each fall. 
In January, 1959, a questionnaire was ad- 
ministered to all freshmen and returns 


*This research was part of a larger series 
of studies on curriculum evaluation sup- 
ported through a grant from the Carnegie 
Corporation of New York. Additional sup- 
port was made available through a Faculty 
Research Fellowship awarded to G. K. 

ee by the Social Science Research Coun- 
cil. The authors gratefully acknowledge the 
support and encouragement of the Case 
Institute of Technology administration. We 
ate also very much in debt to Mrs. Barbara 
Doty who assisted in the collection and 
analysis of the data and to Professor Mor- 
rell Heald for his cooperation in the ad- 
ministration of the questionnaire. 
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were obtained from over 80 per cent of 
them. Since this was before the end of 
the first semester, almost no students had 
yet withdrawn. 


For convenience in analyzing our data, 
some of the ten curricula available were 
grouped on the basis of certain similari- 
ties. For example, all science curricula 
were combined to include physics, mathe- 
matics, chemistry, and science engineer- 
ing. Electrical and mechanical engineer- 
ing were treated as separate entities be- 
cause each is chosen by a substantial 
number of students and both were in the 
process of revision and transition. The 
fourth grouping, general engineering, in- 
cludes civil, chemical, and metallurgical 
engineering. Each of these was chosen by 
a relatively small number of students and 
its contents were fairly constant at the 
time of the study. 


Student Views of the Ideal Curriculum 


To obtain information about the stu- 
dent’s ideal in curricula, this was the pro- 
cedure followed. Thirteen attributes that 
are characteristic, in greater or lesser de- 
gree, of any curriculum were selected. 
Each was defined by short descriptive 
phrases at both extremes of an eight-point 
rating scale. The student circled the num- 
ber on the scale which he felt best rep- 
resented how his curriculum ranked in 
that attribute. The thirteen attributes fall 
into three broad categories that pertain 
to (1) skills or subject matter that are es- 
sential to one’s future professional func- 
tion (ratings 1, 2, 5, 12, and 13); (2) cer- 
tain’ secondary skills and subjects (ratings 
4, 7, 9, 10, and 11); and (3) the organiza- 
tion and administration of the curriculum 
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itself as a whole (ratings 3, 6, and 8). 
Separate tabulations of median responses 
for each curriculum group have been 
made and are summarized in Table 1.” 
We shall examine, first of all, the pat- 
tern of choices made by the science stu- 
dents and the long-range vocational 
image implied. As for a central core of 
skills, science students place more im- 
portance than other groups do on theory, 
on broad professional training, and on 
being prepared for new developments in 
their fields. They express the greatest in- 
terest in ideas or abstractions and the 


least interest of any group in practical 


techniques that could have direct utility 
for some jobs they might later hold. They 
also express the greatest interest of any 
curriculum group in broad problem-solv- 
ing methods. They, in company with the 
electrical engineering students, favor an 
opportunity to specialize during college 
but not to the extent that other groups do. 
According to these findings, the science 
students need not be judged impractical 
or unworldly, but as perhaps having a 
greater appreciation for the long-range 
utility of theory and problem-solving 
methods than for that of specialized ap- 
plied skills. 

Among the more peripheral aspects of 
the science curriculum, some questions 
referred to secondary but job-related 
skills and some to knowledge that is un- 
related to professional training. For ex- 
ample, ratings 4 and 11 concern one’s 
role as a citizen and the value of studying 
humanities. For want of a better phrase 
we refer to these as universal areas of 
knowledge. The science students express 
as much interest in these as any of the 
groups but the least interest in secondary 
job-related skills. They and the general 
engineering students are foremost in their 
emphasis on citizenship, and their interest 
in humanities is exceeded only by that of 
the management students for whom such 


*In Table 1, each attribute is described b 
pair of descriptive phrases with whic 

it was defined. The left-hand number of 
pair always refers to the low end of 
the rating scale, the right-hand number to 
the high end of the scale. In addition, 


median scores can range from a low of 0.5 


to a high of 7.5. 
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knowledge may appear more job-related. 
Students in science curricula seem to de- 
fine professional performance as primarily 
a matter of purely technical competence. 
They recognize that clarity of expression 
is important but are among the least in- 
terested in management skills (rating 13) 
and least expect human relationships 
(rating 9) to be important in their careers. 

In the third category, attributes of 
course administration and organization, 
science students are most emphatic in 
wanting a difficult curriculum (rating 6) 
and are one of two groups most desirous 
of freedom to choose among the courses 
in their curricula. They hope that the re- 
quired material will be well integrated, 
but are no more emphatic about this than 
the other groups. 

Our second curriculum group, the elec- 
trical engineering students, resembles the 
science group yet differs in significant 
ways. The electrical engineers also recog- 
nize the importance of theory but with 
more utilitarian overtones. They are in 
second place in their emphasis on theory 
but second-to-none in desiring material of 
direct relevance whose application is 
clear. They are among the most interested 
in learning facts and techniques as dis- 
tinct from problem-solving skills. Unlike 
the science students, who appear to view 
theory as a valued end in itself, the elec- 
trical engineers apparently value theory 
because of what one can do with it. Their 
emphasis on new developments is mod- 
erate, and like the science students, they 
are no more extreme in their desire to 
specialize than are other groups. 

In ranking secondary skills, the elec- 
trical engineers reverse the pattern of the 


_ science students somewhat. While the 
science students were most interested in 


the areas of universal knowledge—hu- 
manities and citizenship—the electrical 
engineers are the least interested. But in 
their rankings of professionally relevant 
secondary skills, they are more like the 
science students. They have considerable 
interest in learning clarity of expression 
but place the least emphasis on under- 
standing people and next to the least on 
management skills of any group. Perhaps 
they too see their profession as demand- 


- 
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ing technical proficiency and placing less 
of a premium on human relationships and 
management than do other engineering 
professions. The electrical engineers also 
want a relatively difficult curriculum and 


are very interested in the integration of . 


material in their curriculum. They are 
moderately anxious to have some freedom 
of choice but less so than the science 
students. 

In the evaluations by those in mechani- 
cal engineering and the general engineer- 
ing curricula, we see a further progression 
away from theory and toward the de- 
velopment of practical skills. Students of 
chemical, civil, and metallurgical en- 
gineering (grouped as general engineer- 
ing) want a curriculum that is more prac- 
tical than theoretical, that emphasizes 
facts, techniques, and material of quite 
direct relevance. These students express 
as much interest in new developments 
and in specialization as do other groups. 
Mechanical engineering students share 
the opinions of general engineering stu- 
dents about the core content of their 
curriculum. They too are more interested 
in obtaining practical skills and in ma- 
terial of immediate relevance to their fu- 
ture work. 

In the area of secondary skills, more 
differences can be observed between stu- 
dents in general vs. mechanical engineer- 
ing, although both groups place the same 
relatively high value on technical prepa- 
ration in contrast to humanistic studies. 
While those in general engineering show 
more interest in preparing for citizenship, 
the mechanical engineering students 
place more value on learning to express 
themselves, on administrative skills, and 
on understanding people. 

Students in these two curriculum 
groups are least concerned with freedom 
to choose their courses. They favor “a 
well laid out program in which few 
choices are necessary.” They prefer a pro- 
gram of studies that is not too difficult 
and, of all the curriculum groups, are 
the least concerned about integration of 
the subject matter. 

There remain for discussion those stu- 
dents in the management curriculum. In 
some respects, they are even more prac- 
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tical than the engineers and are furthest 
removed from students in the sciences, 
They show the strongest interest in prac- 
tical applicability of the material taught 
but are also highly interested in obtain- 
ing a broad knowledge of the field and in 
developing problem-solving skills. They 
are the least interested in new develop- 
ments and the least desirous of an op- 
portunity to specialize within the cur 
riculum. 

In the area of secondary skills, they 
have relatively little interest in their fu- 
ture roles as citizens but express by far 
the highest interest in humanistic studies. 
These latter evaluations are somewhat 
difficult to interpret. It may indicate that 
some already have interests that go be- 
yond the confines of the traditional 
science and engineering courses, but 
some may value humanistic studies be- 
cause they seem instrumental to a success- 
ful career. As one would expect, the man- 
agement students show the greatest in- 
terest in learning to express themselves, 
in the development of managerial abili- 
ties, and in understanding people. While 
these skills are of secondary relevance for 
students in the science and engineering 
curricula, they are of more primary 
relevance for those students who are 
heading for careers in management. 

The management students express the 
strongest desire for freedom of choice, 
perhaps because of the fear that their cur- 
riculum is, in part, weighted toward 
science and engineering in ways that will 
not serve their needs. They express the 
strongest interest in a curriculum that will 
not be too difficult and some concem 
about the integration of subject matter. 


What Students Actually 
Expect in Curricula 


After rating features that would be 
ideal, these students then rated the same 
attributes for the curriculum as they ex 
pect it will be in reality. These expecta- 
tions are also summarized in Table 1. The 
data clarify the question of whether or 
not students are moderately realistic 
when they choose a given curriculum and 
to what extent their expectations conform 
to its actual content. In certain important 
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respects, students do appear to be aware 
of what they will encounter in their 
chosen curricula.2 For example, the 
science students view their chosen cur- 
riculum as the most theoretical, those in 
electrical engineering as moderately theo- 


retical, while those in other engineering ~ 


or in management groups expect courses 
that stress practical affairs. 


Yet our interest in asking these ques- 
tions was not so much directed at assess- 
ing how realistic students’ expectations 
were as toward discrepancies between the 
two sets of ratings—how much they ex- 
pect the actual curricula to differ from 
what they view as ideal. Using the data 
from Table 1, for each rating scale we 
have subtracted the median response for 
each attribute as it is expected to rate in 
reality from the median for what is de- 
sired ideally. The results are tabulated in 
Table 2. 


One notices first that the discrepancies 
between what they desire and what they 
expect are similar for students in different 
curricula, as demonstrated by the fact 
that for many pairs of ideal vs. real rat- 
ings, the differences are in the same di- 
rection for different curriculum groups.* 


* However, from other more detailed an- 

lyses, we can show that significant numbers 
of students in any curriculum hold an image 
of their role as a professional that is in- 
consistent with their choice of a program of 
studies. What are the consequences of such 
inconsistent choices? At the present time we 
are unable to say, but the problems con- 
fronting these students are certainly worthy 
of further investigation. 

‘In testing for the significance of these 
differences, we have made use of the sign 
test described by S. Siegel, Non-parametric 
Statistics, New York, McGraw-Hill, 1956, 
pp. 68-75. In this test, one computes the 
direction of the difference (plus or minus) 
and determines whether or not the obtained 
frequency of differences could be explained 
on the basis of chance influences. Signifi- 
cance tests have been carried out for the 
student population as a whole and for each 
curriculum group. These results can be ob- 
tained by writing to the Department of 


Industrial Engineering, Northwestern Uni- 
versity, Evanston, Illinois. In general, dif- 
ferences as large as + 1.0 are highly sig- 
nificant, differences that do not exceed 0.3 
to 1.0 are usually significant at either the 
.05 or .10 level of probability. 
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For example, the material with greatest 
professional relevance is expected by all 
groups to be too theoretical with insuf- 
ficient emphasis on practical applications. 
The real approaches the ideal more 
closely for students in sciences and gen- 
eral engineering in this respect, however. 
It may be significant that students in the 
three curricula (electrical, mechanical, 
and management) where more emphasis 
on theory has recently been introduced 
are more concerned than other groups 
lest it be at the expense of practical 
applications. 

Similarly, there is substantial agree- 
ment among the curriculum groups about 
two other areas of core, professional 
skills. Students in all curricula expect 
that there will not be enough emphasis 
on new developments and expect too 
much concern with presently accepted 
techniques. Students apparently do not 
expect the faculty to be able to keep up 
with new developments or to be com- 
pletely successful in teaching them. As 
for opinions about breadth of training, 
the students in science and general en- 
gineering are apparently satisfied, while 
those in the three remaining curricula 
expect too much breadth and not enough 
attention to material of direct relevance 


to the work they think they will be doing. 


As for the opportunity for specializa- 
tion, students in the different curricula do 
not agree on the adequacy of their various 
programs. Students in science and elec- 
trical engineering expect their aspirations 
to be substantially satisfied. Perhaps they 
are influenced by the Case catalogue 


which says that the science curricula of- 


fer the students considerable freedom of 
choice while the electrical engineering 
program permits some choice among tech- 
nical electives. However, those choosing 
either general engineering programs or 
mechanical engineering express the ex- 
pectation that there will not be enough 
opportunity to specialize. Those in the 
management curriculum lean slightly in 
the opposite direction, tending to expect 
a little too much specialization. 

There is one final question in the area 
of core skills which remains to be dis- 
cussed, that of the relative emphasis on 
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the ability to think logically and ab- 
stractly. Students in general engineering, 
mechanical engineering, and manage- 
ment expect that their programs will place 
the proper emphasis on this ability. Only 
the electrical engineers fear an over- 
emphasis at the expense of teaching facts 
and techniques that have direct applica- 
tion, while science students expect the 
opposite—insufficient emphasis on think- 
ing logically and abstractly. 

In their opinions about the secondary 
elements of the curricula, students in all 
programs show some agreement, particu- 
larly where professionally-relevant skills 
are concerned. All students expect a pro- 
gram of studies that will be too narrow 
and that will place insufficient emphasis 
on learning to express oneself, on man- 
agement skills, and on learning to under- 
stand people. However, where the areas 
of universal knowledge are concerned, 
students in the different curricula show a 
less consistent pattern of responses. Those 
in science and general engineering expect 
much too little emphasis on preparation 
for one’s responsibilities as a citizen. The 
students in management agree to a mod- 
erate extent while those in mechanical 
engineering expect that the emphasis will 
be “about right.” The expectations of the 
electrical engineers are very much in the 
opposite direction: they feel rather 
strongly that the responsibilities of citi- 
zenship will be over-emphasized in their 
program of studies. There is a similar dif- 
ference of opinion over how much atten- 
tion should be given to the program of 
humanistic studies. All students except for 
the electrical engineers wish for a greater 
emphasis, while this latter group leans in 
the direction of desiring more emphasis 
on a strictly professional curriculum. 

With respect to questions of course or- 
ganization and administration, all stu- 
dents are in substantial agreement. They 
all desire greater freedom to choose for 
themselves and more opportunity to 
make up their own program of studies. 
They all wish that their programs would 
be a little less difficult. In these opinions, 
they are undoubtedly expressing the anx- 
iety of freshmen about the possibility of 
surviving at Case. Finally, they all wish 
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that their program of study would pro- 
vide more help in integrating the material 
from separate courses. 


Summary and Discussion 


From these data one can draw certain 
interesting contrasts between students 
who choose a science curriculum and 
those in engineering. The science stu- 
dents are in many respects the “men of 
ideas,” with their strong interest in theory 
and their relative indifference to empirical 
skills, while the engineering students are 
more “men of action” placing much great- 
er value on what is practical and directly 
applicable. This is most true for students 
of mechanical engineering and moder- 
ately true of those in the general engi- 
neering group. Even the electrical engi- 
neers, who place greater emphasis on the 
importance of theory, appear to do so for 
reasons of utility rather than because they 
value theory for its own sake. 

Students in science and engineering 
also differ in the degree to which they 
value training in skills of administration 
and management. The students choosing 
science and electrical engineering appear 
to define professional competence as pri- 
marily a matter of purely technical pro- 
ficiency. Although they appreciate the 
importance of being able to communicate 
effectively, they express relatively less in- 
terest in administrative skills than do 
those in the other engineering curricula. 
Students of science are the most tolerant 
of courses designed to broaden their edu- 
cation in ways that have no direct rel- 
evance to their professional careers, for 
they are quite open to courses that con- 
cern their future roles as citizens and 
courses in the humanities and liberal arts. 
At the other extreme are those choosing 
mechanical and electrical engineering, 
while those in the general engineering 
curricula place an intermediate value on 
these courses. 

In addition, it is the science students 
who are most concerned with freedom of 
choice and most willing to accept a pro- 
gram of studies that will be difficult, de- 
manding, and challenging. The electrical 
engineers share in part these values. Stu- 
dents in the remaining engineering cur- 
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ricula are much more willing to let the 
faculty determine the content of their 
curricula. Moreover, they would prefer a 
program that is relatively less demanding 
and that would afford them some oppor- 
tunity to engage in extracurricular activ- 
ities. Final inferences from these data’ 
relate to important changes that are 
currently being introduced into many 
undergraduate engineering curricula. One 
such trend is toward increasing emphasis 
on the theoretical principles that underlie 
a given engineering discipline and a de- 
creasing emphasis on specialization in un- 
dergraduate programs. There is consider- 
able evidence from these data that stu- 
dents entering Case fear this trend and 
the impact it may have on their chosen 
curricula. Although science students favor 
the increasing emphasis on theory, engi- 
neering students very decidedly antici- 
pate excessive emphasis on theory and in- 
sufficient emphasis on material of direct 
utility and immediate relevance to their 
careers. It is by no means our intention 
to suggest on the basis of these findings 
that engineering schools should modify 
their programs in order to conform to 
students’ preferences. It is certainly con- 
ceivable that these students have insuf- 
ficient appreciation for the practicality of 
a good theory. The resistance to this in- 
creasing emphasis on theory might well 
be diminished if students were made 
more fully aware of the reasons for the 
trend and of its potential value for them 
in their professional careers. 


Another trend in engineering education 
is toward a “well rounded” education 
aimed at developing more than technical 
competence. It has led to the introduction 
of courses preparing students for admin- 
istrative responsibilities and courses in 
the humanities. Most students accept the 
importance of administrative skills more 
willingly than that of humanities and 
liberal arts. There is an interesting para- 
dox revealed by comparing what they de- 
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sire with what they expect. Students ip 
all the curriculum groups expect insuf.- 
ficient attention to be given to the de. 
velopment of skills in management, un- 
derstanding people, and in communicat- 
ing effectively. Is it possible that students 
have considerable anxiety about their 
ability to undertake administrative re. 
sponsibilities and that engineering schools 
continue to underestimate how justified 
the anxiety may be? The data indicate 
that students feel that more changes 
should be made in their programs to fill 
this need. They also indicate that in- 
creased recognition of the importance of 
humanities would be acceptable. This 
view is most characteristic of those who 
choose programs in science. Most engi- 
neering students, however, think that suf 
ficient emphasis is given to humanities, 
with the exception of the electrical en- 
gineering students who consider them 
over-emphasized. 

There is one final issue that is often 
discussed but about which opinions dif 
fer. This is the question of how much 
freedom of choice within a given curricu- 
lum should be permitted the student. 
Most students at Case Institute agree— 
they desire more freedom to choose elec- 
tives than they expect to have. Admitted- 
ly, there are sound reasons why current 
curricula contain many required courses. 
Yet students in all curricula express strong 
desires for more freedom of choice. At a 
school of engineering and science, it is 
particularly important that students main- 
tain a high degree of interest. Perhaps if 
they were permitted more responsibility 
for selecting courses, they would be com- 
pelled to clarify for themselves what the 
demands of their profession are going to 
be and what they need to learn in order 
to fulfill those demands. Having thus par- 
ticipated in defining their own individual 
goals and needs, students might feel a 
more intense personal involvement in 
reaching them. 


EDUCATIONAL RESEARCH COUNCIL AT R.P.I. 


Rensselaer Polytechnic Institute June 7 announced the establishment of an Edu- 
cational Research Council designed to improve the Institute’s educational programs and 
teaching methods. 
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Just Ahead — A Golden Age for Graphics 


F. M. WOODWORTH 


Assistant Professor of Engineering Graphics, 
University of Detroit 


Recently a faculty member asked me 
to help him solve, graphically, a stubborn 
differential equation. He told me that for 
weeks he, along with others, had at- 
tempted to solve it mathematically, but 
had made little progress. I asked him why 
he didn’t program it on one of our com- 
puters and solve it that way. His answer, 
I thought, was quite significant. “I 
could,” he said, “but it would require 
many hours of tedious work; the results 
need not be extremely accurate; and I 
might still have to plot the answer, since 
I want to test for oscillatory functions. 
So it seems as though the entire problem 
might just as well be solved graphically 
in the first place.” And he could be right. 

The actual equation cannot be pre- 
sented in detail due to the classified na- 
ture of the research project with which 
the equation was connected. However, 
the differential equation involved was a 
reducible second order equation not con- 
taining the independent variable, which 
reduced to a first order equation contain- 
ing both independent and dependent 
variables. As such, it could be easily 
solved. However, the “fly in the oint- 
ment” was the fact that it also contained 
three parametric constants, and the use- 
fulness of the solution depended upon 
our being able to arbitrarily vary these 
parameters simultaneously. This turned a 
routine problem into a complicated one. 


The foregoing is only one example of 


Recommended for publication by 
the Engineering Graphics Division. 


the sizable contribution computational 
graphics can make to future technological 
progress. I am convinced that at present 
only a small percentage of research 
scientists, practicing engineers, and engi- 
neering educators are aware of the full 
potential which exists in the graphics 
field. We know that mathematics is indis- 
pensable to a good background in science 
and engineering. I believe that graphics 
is also indispensable—if we use good in 
its proper sense. 

We can divide the uses of graphics 
into three general categories: (1) ortho- 
gonal and pictorial projection, (2) solu- 
tions to engineering and research prob- 
lems, (3) analysis of large quantities of 
data, abstract or otherwise. The first of 
these has been (and is being) taught in 
great detail. In fact, I suspect that many 
people think of graphics as being synon- 
ymous with engineering drawing, charts, 
maps, and so forth. But this idea omits 
the last two areas, and it is there that the 
graphicist can make his greatest contri- 
bution to our “space-tronic” technology. 

To what extent has investigation been 
carried into possibilities in these disci- 
plines? Is there any need for further re- 
search in the field of graphics? Everybody 
connected with engineering education 
should have an interest in these and sim- 
ilar questions. Anyone acquainted with 
graphics texts knows that the most recent 
revisions include material on empirical 
equations, graphical calculus, vector ge- 
ometry and other fundamental subjects. 
As to the second question, asking whether 
there is a need for additional research is _ 
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probably like asking whether there is 
room for improvement. 

It is conceivable that a problem such 
as was mentioned at the beginning of 
my article might have a relatively simple 


graphical solution. Research into this gen- | 


eral type would be helpful. The same 
thing can be said of other types of prob- 
lems. If research into graphical methods 
is to be encouraged, some necessary steps 
should be taken. I suggest that at least 
the following be done: 


1. Graphics instructors should become 
aware that many problems gener- 
ally still solved by traditional meth- 
ods are “naturals” for the relative 
simplicity and ease of graphical 
solution or analysis. Recent texts of 
college mathematics and physics 
are a fertile source of graphical 
material for instructional purposes. 

2. Graphics meetings, conferences, 
and reports should emphasize the 
many new applications of graphics, 
rather than the established seg- 
ments of the field. 

3. Engineering educators should lend 
support to the efforts of forward- 
thinking graphics people, by mak- 
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ing use of graphical solutions and 
analyses whenever these can make 
important contributions to the soly- 
ing of problems. 

4, Graphics departments should make 
the subject matter of their courses 
as timely as possible by incorporat- 
ing problems related to mathe. 
matics, physics, mechanics, and the 
engineering-degree areas. 

Present graphics courses in many en- 
gineering colleges are out of balance be- 
cause they continue to emphasize only 
that portion of graphics known as “En- 
gineering Drawing.” The age-old resist- 
ance to change, inertia, is one of the main 
contributing factors to the present low 
academic prestige of graphics in scientific 
engineering. However, with a positive ap- 
proach and a shift in emphasis to permit 
knowledge of all portions of graphics, 
there is every assurance that graphics 
will prove invaluable as a tool of research. 
In fact, graphics may be at the threshold 
of a golden era. We have hardly scratched 
the surface of what it can do. The basic 
requirements for crossing the threshhold 
are genuine interest, extensive curiosity, 
and vigorous activity. 


UNIVERSITY OF ALASKA ESTABLISHES COLLEGES 


In a move to streamline and consolidate the research, administrative and educa- 
tional procedures of the University of Alaska, the Board of Regents has established 
six academic colleges for the state university, a Division of Statewide Services and the 
positions of academic vice president, vice president for research and advanced study, 
six deans of the academic colleges, and dean of statewide services. 

The colleges will be the College of Arts and Letters; the College of Biological 
Sciences and Renewable Resources; the College of Business, Economics and Public 
Administration; the College of Earth Sciences and Mineral Industry; the College of 
Mathematics, Physical Sciences and Engineering; and the College of Social Sciences 
and Education. 

In the May 17-20 meeting, the Board of Regents concurred in the naming by 
Dr. Wood of deans for the new administrative organization. Those appointed are Dean 
William Magee, College of Arts and Letters; Dean Hans Jensen, College of Business, 
Economics and Public Administration; Dean Earl Beistline, College of Earth Sciences 
and Mineral Industry; Dean Charles Sargent, College of Mathematics, Physical 
Sciences and Engineering; and Dean Charles Ray, College of Social Sciences and 
Education. Announcement of the naming of the dean of the College of Biological 
Sciences and Renewable Resources will be made at a later date. 
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An Industrial Training Program in Advanced 
Reactor Engineering 


T. DREIER 


Consulting Engineer, Nuclear Engineering Training 
Knolls Atomic Power Laboratory,’ Schenectady, New York 


P. L. HOFMANN 


Consulting Nuclear Engineer, General Electric Co., 
Hanford Laboratories Operation, Richland, Washington 


Introduction 


Ten years or more after the end of the 
Manhattan District, industrial concerns 
and AEC National Laboratories still were 
the chief places where formal training in 
nuclear science and engineering could be 
obtained.2, The best known of the avail- 
able programs was, perhaps, the year’s 
course offered by the Oak Ridge School 
of Reactor Technology (ORSORT). Re- 
cently, however, there has been a massive 
entrance of universities and colleges into 
this field. Of 310 educational institutions 
responding to a questionnaire sent out 
by the Oak Ridge Institute of Nuclear 
Studies (ORINS), 141 indicated that they 
were offering either formal degrees in 
nuclear engineering and science or at 
least nuclear options as part of their 
normal degree programs in science and 
engineering.® 

In spite of this substantial increase in 
educational activity in the nuclear field 
by the colleges, the number of graduates 
with nuclear training has not been suf- 
ficient to meet all the demands of the 
nuclear industry. Furthermore many ex- 
perienced engineers and scientists who 


*Operated for the United States Atomic 
Energy Commission by the General Electric 

*There were a few exceptions—for in- 
stance, a university program in nuclear en- 
gineering was already under way at North 
Carolina State College in 1950. 

*Oak Ridge Institute of Nuclear Studies, 
“Educational Programs and Facilities in Nu- 


= Science and Engineering,” September 
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received their training in the more con- 
ventional branches of engineering are 
switching to the nuclear field and are in 
need of specific nuclear engineering 
training. Finally, B.S. and M.S. grad- 
uates in the nuclear field are no excep- 
tion in their need for additional training 
if they wish to acquire the ability to ana- 
lyze and find solutions to difficult engi- 
neering problems. While many will 
choose further graduate work as a means 
of acquiring this ability, there are others 
who are more strongly motivated in an 
atmosphere of industrial activity where 
engineering problems that require solu- 
tion are faced daily. For all three reasons 
the need for industrial courses appears 
to continue. 

In this paper, we describe two ad- 
vanced reactor design and analysis 
courses given at the Knolls Atomic Power 
Laboratory (KAPL). The main function 
of the laboratory (KAPL), which is op- 
erated for the AEC by the General Elec- 
tric Company, is the development and 
testing of nuclear reactors for ship pro- 
pulsion. There has been a continuous 
need for training programs since this 
work was first undertaken. In 1959 a re- 
evaluation of the available training pro- 
grams was made. While there were quite 
excellent courses available in a number 
of fields, some sponsored by the General 
Electric Company and some by nearby 
colleges, they were not sufficiently spe- 
cialized to meet the needs of the labora- 
tory. Particularly needed were more men 
who understood heat-transfer, fluid dy- 
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namics, neutron physics, and their inter- 
relationships as applied to reactor design. 
It was decided that additional training 
opportunities would be offered in two 
different ways: 


(1) An intensive two-year program for . 


young engineers would be offered 
along the lines of the last two years 
of General Electric’s three-year Ad- 
vanced Engineering Program (AEP)* 
dealing in part with fundamentals 
but oriented particularly toward re- 
actor core-design studies. An inte- 
gral part of the program would be 
a series of six-month work assign- 
ments in appropriate areas. This 
Advanced Reactor Engineering Pro- 
gram (AREP) is described at first. 

(2) In addition a one-year seminar pro- 
gram would be offered for the bene- 
fit of more experienced engineers 
who had already attained a degree 
of expertness in some aspect of re- 
actor or nuclear power-plant design 
but who wished to increase their 
over-all understanding of reactor 
technology. This course, The Ad- 
vanced Nuclear Thermal Engineer- 
ing Seminar (ANTE) numbers 
among its members many senior 
people who in turn may contribute 
to the teaching in areas of their par- 
ticular proficiency. ANTE is a prob- 
lem and design course and is de- 
scribed in the last sections. 


Advanced Reactor Engineering 
Program (AREP) 


The purpose of the ARE Program is 
to meet the laboratory’s need for trained 
manpower. Its basic educational idea 
is that sound engineering training in 
industry is best furthered by emphasis 
on the teaching of fundamentals through 
application to design problems Four 
broad objectives are defined to carry out 
this idea: 

(1) The program should achieve a rela- 
tively rapid introduction of person- 


‘This program has been operated by the 
General Electric Company for many years. 
Many of the company’s outstanding engi- 
neers and managers are graduates of this pro- 
gram. 
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nel to the art and science of reactor 
engineering. 

(2) Topics to be stressed should be in 
the areas of heat transfer and fluid 
flow, reactor physics, reactor ki- 
netics, and systems study, as well 
as advanced mechanics and applied 
mathematics. 

(3) Strong emphasis should be placed 
on ability to solve technical prob- 
lems. The student should be taught 
to use simple techniques for obtain- 
ing an initial, approximate answer, 
This initial answer can then be re- 
fined by the use of more sophisti- 
cated methods. 


(4) Finally there should be an émphasis 
on design or synthesis — on putting 
the whole thing together. This is 
essentially an art. It includes not 
only the ability to interrelate an- 
alyses of different aspects but also 
to recognize which are the critical 
problems that deserve the greatest 
effort. It should be made evident 
that in the end the purpose served 
by most of the analyses is good 
design. 

AREP is a two-year program, the first 
and second year being designated as 
ARE-I and ARE-II, respectively. Ste 
dents entering this program should al 
ready have taken the first year of General 
Electric’s Advanced Engineering program 
or have other background deemed to be 
equivalent, such as a master’s degree and 
one or more years of work experience. 


Each course runs for 36 weeks. The 
class meets once a week for four hours 
of lectures and class discussion. Outside 
work takes 20 to 25 hours per week 
All students work a regular 40-hour 
week on other engineering work. 

During the two-year program the stt 
dents are given three or sometimes four 
work assignments in different reactor 
design and development groups. At the 
completion of the program, the student, 
if he does well, may be expected to have 
several opportunities for permanent 
placement. 

ARE-I and ARE-II each have as cour 
supervisor a senior technical man whi 
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gives practically all his time to develop- 
ing and running the course. He works 
out the details of the year’s curriculum, 
selecting an appropriate sequence of lec- 
turers and giving a fair portion of the 
course lectures himself in fields in which 
he is particularly qualified. The remain- 
ing lectures are given by guest lecturers 
of outstanding ability who may be ex- 
pected to present the most up-to-date 
material available in their fields. How- 
ever, the course supervisor has the re- 
sponsibility for seeing that continuity and 
sound development of subject-matter are 
achieved throughout. He selects the text 
books for the standard parts of the course 
and prepares extensive supplementary 
course notes based largely on specific 
technical material and internal labora- 
tory reports. As a teacher the supervisor 
has the further primary responsibility for 
charting the progress of the students and 
for counseling and assisting them as 
needed. 

Since the course depends in large 
measure on the problems done by the 
students each week, one of the most im- 
portant tasks of the course supervisor is 
to develop good problems. Although 
exercises have their obvious uses, par- 
ticularly in the development of a new 
subject, so far as possible engineering- 
type problems related to reactor design 
are used, where considerable analysis is 
required and where there may be more 
than one “answer.” 

Students are selected on the basis of 
their past record, an interview, detailed 
recommendation by their supervisor, and 
an entrance examination. In the first two 
classes over 80 per cent of the students 
either had master’s degrees, in most cases 
with a minor or major in the nuclear field, 
or they had completed at least the first 
year of the General Electric Advanced 
Engineering Program. The remainder, 
with only bachelor’s degrees, had had ex- 
perience which gave them roughly com- 
parable preparation. The work experi- 
ence of the students ranged from one to 
eight years, with varying amounts in the 
nuclear field. 

A student’s reasons for embarking on 
an extensive educational program are 
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usually complex. Opportunity to acquire 
knowledge and understanding in a new 
field, as well as ability to contribute 
effectively to an important engineering 
project are usually major motivations. In 
addition, the class is run on a very com- 
petitive basis with salary increases re- 
flecting the student’s performance both in 
class and on his rotational work assign- 
ments. Finally the greater technical com- 
petence resulting from the successful 
completion of the course results in a 
certain amount of prestige, the prospect 
of which in turn, acts as an incentive to 
perform well on the program. 


The Curriculum of the AREP 


The curriculum is arranged so that 
fundamentals are taught through applica- 
tion to reactor design studies and analyt- 
ical evaluations. The two-year scheme is 
shown in Table 1. The subjects of math- 
ematics, fluid flow and heat transfer, 
feedback, and stability studies have ob- 
viously wide application outside the field 
of reactor engineering. Although the field 
of reactor physics is a little more spe- 
cialized, its methods are sufficiently 
broad so that experience in this area will 
certainly help to develop ability useful in 
other analytical fields as well. In short, 
although the curriculum is oriented to- 
ward reactor design, a student mastering 
it will be well prepared to work in other 
fields as well. This sound basis for 
versatility is obviously an advantage for 
the man. It is an advantage for the 
laboratory as well, for an R and D 
laboratory must be prepared to cope 
with new and unforeseen problems. At 
the same time focus on reactor problems 
gives the course the unity that corres- 
ponds to the unity of reactor technology. 


It should be noted that a special effort 
is made to put to use the mathematics 
as it is taught, problems being frequently 
designed to accomplish this. Mathe- 
matical topics are introduced in two 
ways: as part of a continuous course 
sequence in mathematics; and also as 
an integral part of non-mathematical 
topics. For instance, Legendre poly- 
nomials are taken up during the discus- 
sion of the P; approximations used in the 
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solution of the Boltzmann equation in 
reactor theory; the calculus of variations 
is reviewed briefly when variational tech- 
niques are applied; matrix methods are 
studied in connection with complex vibra- 
tion systems and so on. 


An integral part of ARE-II is a design 


problem assigned at the start of the year. 
It involves the complete design of a re- 
actor core with some minor sketching 
of the associated power plant. The design 
problem is worked on throughout the 
year. The class is divided into a number 
of design teams and each team works on 
a different set of design specifications 


TABLE 1 


to be met by their design. These specifi- 
cations are phrased very broadly so that 
a large part of the problem definition is 
left to the design team. Work on such 
a comprehensive problem enables, in fact 
almost compels, the student to synthesize 
the material from the rest of the course 
and to apply it to a reasonably realistic 
engineering situation. This “group thesis” 
is then presented in report form at the 
end of the course. 


Student Advisers 


Each student in the program chooses 
as an adviser a senior technical man in 


CURRICULUM FOR THE TWO-YEAR ARE-I AND II PROGRAM* 
First Year (ARE-I) 


Units 
Advanced Mechanics ............... 8 
Heat Transfer and Fluid Flow........ a 
Review of Thermodynamics........ (1) 
Navier-Stokes Equations .......... (2) 
Laminar and Turbulent Flow, 

Boundary Layer Theory......... (2) 
Natural Convection .............. (1) 
Boiling and Condensation.......... (2) 
Thermal-Mechanical Stability ..... . (2) 

Review of Nuclear Physics......... (2) 
Neutron Diffusion Theory......... (2) 
Neutron Moderation ............. (3) 
Few Group Theories............. (3) 
Gontrol Rod Theary: (2) 
Long-Term Reactivity Changes... . (2) 
Reactor Kinetics .............. 


Introduction to Transport Theory... (1) 


Second Year (ARE-II) 


Units 
Neutron Transport Theory ......... (8 
Neutron Slowing-Down Approx..... (5) 
Variational Methods in Reac. Theo.. (7) 
Fission Product Poisoning......... (2) 
Partially Enriched Reactors........ (2) 
Theory of “Burnable Poisons”. ..... (2) 
Unconventional Reactor Control.... (2) 
Reactor Stability Analysis; 
Feedback Control ............. (8) 


Units 
Ordinary Differential Equation... .. . (2) 
Series Solutions of Diff. Eq......... (3) 
Orthogonal Functions, Sturm- 
Numerical Solutions of Ordinary 
Differential Equations .......... (4 
Matrices, Determinants, Eigen- 
vectors and Eigenvalues ........ (3) 
Partial Differential Equations...... (3) 
Eq. of Mathematical Physics ...... (3) 
Green’s Functions... (2) 
Integral Equations ..._.......... (2) 
Numerical Solutions of Partial 
Differential Equations .......... (3) 
Complex Variable Theory.......... (3 
Calculus of Variations............. (2 
Transform Calculus .............. (3) 
3 
Units 
Applied Mathematics ............... 6 
Integral Equations ............... (1) 


Complex Variable Theory; Appl. to 
Heat Transfer & Potential Flow... (5) 
Reactor Thermal-Hydraulic Design.... 12 
Advanced Vibration Theory......... 6 
Reactor Design Problem............. 14 


* Usually the four-hour weekly class is divided into two sessions and two subjects ait 
taught in parallel. This is only very roughly indicated by the two parallel columns in the 
table. Thus, one week’s work corresponds to two units, making 72 units per year. 
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the laboratory with whom he feels that 
he can establish a good personal rela- 
tionship. Thus he can be assured of 
someone who will take a personal interest 
in him, advising him where he might 
do well to seek work assignments that 
will be in accord with his interests and 
of maximum value to him. 


The advisers are also of help to the 
laboratory, not only by helping their 
charges to make the most of their oppor- 
tunities, but by being familiar with prob- 
lems that arise in the course. An adviser 
often hears about course difficulties be- 
fore the course supervisor does and he 
can thus make constructive suggestions 
for course improvement. 


Rotational Work Assignments 


The rotational work assignments are 
considered to be an integral and im- 
portant part of the program. They serve 
to acquaint the student with many of 
the vital engineering problems with 
which the laboratory is concerned, moti- 
vating his interest in the course. They 
keep him from specializing too early. He 
has a chance to try himself out in the 
different fields he is studying and to 
get additional perspective on how these 
fields are related. He learns “by doing” 
in each area. 


In selecting assignments, several edu- 
cational objectives are held in mind. The 
student is required to take assignments 
in both reactor physics (sometimes re- 
ferred to as “nuclear analysis”) and core 
thermal design groups, usually for six 
months each. He further has to take at 
least one work assignment in an experi- 
mental area. This is felt to be particularly 
important for men who are being trained 
in methods of mathematical analysis ap- 
plicable to design. If a man is going to 
spend most of his life in analytical work, 
he will probably profit greatly by spend- 
ing at least six months at some point 
early in his career doing experimental 
work. In general, there appear to be 
too few men sufficiently skilled in both 
analysis and experiment to be able to 
build a bridge between the two. The 
tequired experimental assignments there- 
fore represent at least a small move to- 
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ward correcting this situation. The ex- 
perimental assignment may be taken in 
reactor physics (critical assembly experi- 
ments), in thermal-hydraulic loop and 
model testing, or one of the power re- 
actors at the KAPL West Milton Reactor 
Site. It may last anywhere from four 
to ten months. 

The student is encouraged to look at 
other possible assignment areas and to 
take an additional assignment if he 
wishes, even though it may involve a 
slight delay in coming off the program 
beyond the termination of the course 
work. A favorite area for additional 
assignments has been in Power Plant 
Transient Analysis; others have been in 
Shielding, Mechanical Design, Coolant 
Technology, and various other Power 
Plant areas. 


Problems and Difficulties of the Program 


One of the difficulties that arises is the 
perennial question of “depth versus 
breadth.” Obviously there should be 
both. Equally obvious this is not pos- 
sible in all areas. In addition to special 
talents and a thorough education, experi- 
ence is an important ingredient in the 
making of competent engineers and sci- 
entists. There is a definite gain from the 
combination of work experience and 
course work, but the pressure of studying 
while working may become great. How- 
ever, the problem is recognized and a 
continuous effort is made to balance the 
conflicting demands for depth and 
breadth and to steer some sort of middle 
course. 

Another important problem concerns 
the best way for the student to invest 
his after-work time. Since the acquisition 
of skill in problem solution is a basic 
objective, the General Electric Advanced 
Engineering Program tradition of assign- 
ing weekly problems that require 20 to 
25 hours a week has been followed. But 
this leaves very little time for free study, 
so necessary if a subject is to be really 
understood. The present plan is to con- 
tinue these weekly problems but with 
some increased time devoted to the design 
problem in the second year. This offers 
opportunity for less specifically directed 
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work and is a starting point for at least 
some “free” study. Further steps may 
be considered later. 

A final problem of the AREP is the 
question of judging its success or failure. 


The student’s judgment regarding the 


over-all program effectiveness is likely to 
be more valid several years hence than 
while he is still immersed in the program. 
On the other hand, any current difficul- 
ties or criticism the students may have 
are rightly a matter of concern to the 
course supervisors. A relatively reliable 
method is needed for judging the long- 
range effectiveness of the AREP and for 
providing additional constructive criti- 
cism so that the program may be im- 
proved. The method now in use is to 
have a “steering committee” or advisory 
board, a small group of high-level tech- 
nical men in the laboratory with whom 
questions of curriculum content and 
needs, general policy, and other matters 
can be discussed. It is a means by which 
other laboratory members can be kept in 
touch with what is going on, it serves 
as a useful sounding board for ideas, and 
it provides some collective judgment on 
how the program is succeeding. 


The Advanced Nuclear-Thermal 
Engineering (ANTE) Seminar 


This one-year course offers a chance 
to the more experienced men in the 
laboratory to broaden their training in 
the field of reactor engineering. The 
course is more applied than the AREP 
and does not attempt to give the same 
sort of training in fundamentals, though 
it does not entirely neglect them. It 
has to be assumed that the men in this 
program have had broad training in en- 
gineering and science before they take 
the course. (The first year the course 
was given, more than half the men either 
had doctor’s degrees or were supervisors 
of technical work or both.) Otherwise, 
the ground covered is closely related to 
that given in the two years of AREP. 
The Nuclear-Thermal Seminar is also 
more flexible in that certain parts of the 
course may be omitted by those students 
already competent in the area in question. 


Like ARE-I and II, the course is es- 
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sentially a problems course, but the 
problems require only 10 to 12 hows 
per week instead of 20 to 25, on the 
average. Most of the men are consider. 
ably older and have more demanding 
work and other obligations and cannot 
devote as much time to the course as is 
expected from the younger men. The 
class meets once a week for three hours, 
The men remain in their usual jobs, with- 
out rotational assignments. Students are 
selected on the basis of their past record, 
an interview, and a recommendation by 
their supervisor. 

Although problems are graded, the 
course is not run on the same sort of 
competitive basis as ARE-I andl. The 
men differ greatly in background and 
experience and their course performance 
does not directly affect their salaries, 
Nevertheless there has been a strong 
motivation on the part of most of them 
to keep up with the immense amount of 
ground that is covered in a single year. 

An important objective of the seminar 
is to enable the students to synthesize 
satisfactory designs from a knowledge 
of the pertinent fields, or at least to give 
them a basis from which they can pro 
ceed to do this with increasing skill. The 
topics covered in the course are shown 
in Table 2. A design problem, assigned 
early in the course and to which mor 
and more time is given as the course 
proceeds, deals with an advanced type 
of reactor that presents many novel dif 
ficulties, including transient and instabil 
ity problems. Many of the reactor prob- 
lems are not yet adequately understood 
from a fundamental point of view and the 
best methods available for dealing with 
them are very often based on purely or 
partly empirical data with no really ade- 
quate theory to support them. But to 
make sure that the students have a basis 
for thinking about the limitations of the 
empirical design approaches in use, there 
is enough emphasis on fundamentals in 
the course to encourage and make pos 
sible future methods development. 

The problems recognized in connection 
with the AREP take a slightly different 
form here. Proper student motivation % 
harder to achieve in ANTE than i 
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TARLE 2 
CURRICULUM FOR THE ADVANCED NUCLEAR-THERMAL ENGINEERING 
SEMINAR* 

Units Units 

Reactor ¢> Power Pl. Interrelation. .... . 3 Review of Applied Mathematics... ... 5 

Fundamentals of Heat Transfer....... 10 25 
Review of Thermodynamics........ (1) Review of Nuclear Physics......... (2) 
Boiling and Condensation......... (3) Neutron Diffusion Theory......... 2) 
Lam. & Turb. Boundary Layers... . . Neutron Moderation .............. 3) 
Natural Convection .............. 1 Bare Reactor Theory.............. (1) 
Blow... Few Group Theories.............. 33 

Control Rod Theory.............. 2 
Reactor Thermal-Hydraulic Design ... 6 Long-Term Reactivity Changes..... 3) 
Hydraulic Circuits ............... (1) Reactot 1) 
Introduction to Transport Theory... (2) 
Hot Channel Factors.............. (1 Perturbation Theory .............. (2) 
§.S. & Transient Thermal Design.... (3) Special Nuclear Design Problem.... (3) 

Fundamental Feedback Theory....... 9 Reactor Design Problem............. 

28 44 


*Two units per week for 36 weeks (72 units total). 


AREP. The difficulty is that in many 
cases the men are under so much pres- 
sure with their regular work that they 
cannot give the necessary time on a 
consistent basis. Many have also gotten 
out of the habit of intensive study, a 
habit which most of the younger men 
selected for the AREP do have. Recogni- 
tion for performance, salary and other- 
wise, is based entirely on their other 
work and not on work in the course. In 
view of this, it is rather remarkable how 
persistently, on the whole, the members 
of this class have worked. However, the 
difficulty is not easy to overcome, and in 
both years that the course has been given 
aconsiderable percentage of the students 
have had to drop out. It has been neces- 
sary to insist that there be no auditors 
and that only those attend who find it 
possible to do all course problems. 

The problem of “depth versus breadth” 
in some ways is even more pronounced 
here than in AREP because an attempt is 
made to cover more ground in less time. 
However, this is more than balanced by 
the fact that most of the men in this 
course have already specialized before 
taking the class, and they will presum- 
ably, in most cases, continue to develop 
those specialties. What they gain, pri- 
marily, is a broad understanding of those 
technical areas that are intimately con- 
tiguous to their own. 


Finally, we have sought the same solu- 
tion to the problem of evaluation as for 
AREP. The steering committee members 
can be consulted when needed, either 
individually or collectively, and they 
have been most helpful both in their sug- 
gestions relative to the curriculum and 
on various policy matters from time to 
time. 


Conclusion 


Although final conclusions about these 
courses cannot be drawn this early, they 
have already shown that they are serving 
a useful purpose. There was considerable 
competition for the first graduates of the 
two-year AREP. This is hardly surprising 
when one considers the alternative the 
project manager usually has of recruiting 
men from outside the laboratory who 
are not only untried, but not trained 
specifically in relation to the type of 
work to be done. 

The ANTE Seminar has provided a 
means for giving additional training to 
older men who seriously wanted it, and a 
surprisingly large number of men have 
taken advantage of it. 

A significant two-pronged training 
program has been added to the labora- 
tory. The fact that the classes have been 
kept in close touch with the engineering 
and development work that is going on 
has been important. There seems every 
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reason to expect that the courses are 
having and will have a significant effect 
in the laboratory. Most of the older 
men who desire the training offered by 
ANTE soon will have had it. But the 
need for training new men will presum- 


ably continue and the AREP is already - 


proving attractive to students and of 
value to the laboratory. 

The authors wish to acknowledge the 
important parts played by Messrs. R. L. 
Mathews and F. B. Newkirk who were 
successively supervisors of ARE-I. Their 
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development of an effective curriculum 
and establishment of a high standard of 
performance for the first year was of 
vital importance to the success of the 
program. We would also like to mention 
two vital factors underlying the whole 
program namely, the constructively 
watchful eye that Dr. H. J. Plumley has 
kept on the program almost from the 
beginning and the initial energetic action 
and support by the Naval Reactors 
Branch of the AEC and the laboratory's 
General Manager, Dr. B. H. Caldwell. 


APPLICATIONS FOR GRADUATE AWARDS ‘ 
INVITED BY NATIONAL SCIENCE FOUNDATION 


Applications will be accepted through January 5, 1962, for National Science Foun- 
dation Graduate Fellowships for advanced study in the sciences. 

Fellowships will be awarded in the mathematical, physical, medical, biological 
and engineering sciences, and anthropology, geography, psychology, sociology, and the 
history and philosophy of science. Also included are interdisciplinary fields which are 
comprised of overlapping fields among two or more sciences such as oceanography, 
meteorology and geochemistry. 

To be eligible for graduate fellowships, applicants must be citizens or nationals 
of the United States and have demonstrated ability and special aptitude for advanced 
training in the sciences. 

Fellows will be selected on the basis of ability as attested by letters of recommen- 
dation, academic records and other appropriate evidence of potential ability for scien- 
tific study or work. Applicants for graduate fellowships are required to take the Gradu- 
ate Record Examinations. Their qualifications will be evaluated by panels of scientists 
appointed by the National Academy of Sciences—National Research Council. Final 
selection of Fellows will be made by the National Science Foundation. 

Stipends for National Science Foundation Graduate Fellowships vary with the 
academic status of the Fellows. Students entering graduate school for the first time 
or those who have had less than one year of graduate study are considered First-Year 
Fellows and will receive annual stipends of $1800. Fellows who need no more than one 
calendar year of training to complete the requirements for the doctoral degree will 
receive annual stipends at the rate ot $2200. Fellows between these two groups 
will receive stipends at the rate of $2000 annually. For married Fellows a dependency 
allowance of $500 per annum for the spouse and a further $500 for each dependent 
child will normally be available. Tuition, laboratory fees and limited travel allowances 
will also be available. 

An announcement describing these fellowships is available from the National 
Science Foundation, Washington 25, D. C. 

Application material for National Science Foundation Graduate Fellowships may 
be obtained from the Fellowship Office, National Academy of Sciences—National Re 
search Council, 2101 Constitution Avenue, N.W., Washington 25, D. C. Awards will 
be announced on March 15, 1962. 


Sincerely yours, 
CLYDE C. HALL, 
Public Information Officer 
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Development of a Modern Laboratory Sequence 
In Mechanical Engineering Instruction 


GEORGE B. UICKER 


Professor and Vice Chairman 
Mechanical Engineering Department, 
University of Detroit 


The Mechanical Engineering Depart- 
ment at The University of Detroit, aware 
of the need for changes to suit the re- 
quirements of a modern engineering pro- 
fession, found it desirable to work out 
a revision and development of its cur- 
riculum. It soon became obvious that 
major changes had to be made in the 
teaching approach in the laboratory. It 
was decided that all then current labora- 
tory procedures and teaching devices 
should be scrapped and a new start 
made. Since these were well developed 
and associated with specific objectives for 
particular courses, this meant a depart- 
mental revolution. Both faculty and stu- 
dents were directly involved. There was 
need for considerable explanation of the 
new objectives and there have been many 
instances of resistance to the change. 


The development work on this project 
started in 1953. Nothing about it has 
been written until now, since it was 
necessary to get some evidence concern- 
ing the value of the approach after the 
students had a chance to develop further, 
even after graduation. The indications 
are that the results have been good and 
the experiences worth sharing. 

Objectives 

The objectives of this laboratory pro- 
gram are manifold but the prime ob- 
jective is to teach an engineering ap- 
proach to real problems. The lecture 
and the laboratory are treated as separate 
parts of the curriculum. It is intended 
that each be utilized to its full extent to 
educate the students to the highest de- 
gree possible. Of course, the laboratory 
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Y. WILSON YAMAUCHI 


Assistant Professor, Mechanical Engineering, 
University of Detroit 


work is used to bolster the theoretical 
classroom work, but it is directed at 
developing the student rather than a par- 
ticular experimental phenomenon. 

The laboratory is an ideal place to 
develop student initiative and responsi- 
bility. It is an excellent place to develop 
the art of communication. These items 
are all interrelated and may be developed 
at the same time. For instance, by scrap- 
ping all experiment sheets, procedure 
outlines and report forms, the teacher 
can put the student in the position where 
he must use his initiative in a responsible 
manner to obtain anything to report. 
Furthermore, much more factual material 
can be covered if the experiment is all 
laid out ahead of time. However, this 
Mechanical Engineering Department con- 
cludes that the student does not learn as 
much in specific experimentation. He 
may be amazed at the results and in- 
terested in the phenomena but his prog- 
ress in real education is relatively small. 

A student completing a series of lab- 
oratory courses of the type referred to 
here may know less about specific items 
than one who has followed preplanned 
experimental procedures, but specific ex- 
perimentation may actually be a deterrent 
to the development of the student. Too 
much emphasis is placed on specific items 
and factual information. These are of 
little value when he has to approach a 
new problem. Very likely the instrumen- 
tation used would be outmoded before 
he was graduated and specific applica- 
tions would also be outmoded. Thus, 
there is relatively little value in specific 
application. 
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The student must be taught how to 
approach problems which are new to him 
and which he may believe are unsolvable. 
However, if he has the experience of 
being guided by the instructor to a rea- 
sonable solution he will learn the general 


approach and will be in a much better” 


position to attack new problems. The 
student should be reminded constantly 
that if the problem has been solved 
many times before it is not engineering. 
The engineer’s task is to solve new prob- 
lems. The student can be taught the 
accuracy of instruments and measure- 
ments without spending valuable time 
in refining a technique. Most technicians 
will be much more adept with actual 
instruments than the professional en- 
gineer needs to be. Thus, accuracy 
should be taught as an educational item, 
not a technique of manipulation. 
The objectives of this laboratory pro- 
gram can be summarized as: 
1. Develop the student in 
a. Initiative, 
b. Responsibility, 
c. Art of communication, 
d. Engineering judgment. 
2. Teaching measurement. 
3. Teaching the engineering method 
of analysis. 
It must be borne in mind at all times 
that since the laboratory program entails 
the above objectives, it is a very im- 
portant part of the curriculum and can- 
not be relegated to the young and in- 
experienced teachers. Teaching a lab- 
oratory course such as this is a challenge 
for any good teacher. 


General Description 


The University of Detroit College of 
Engineering operates on the cooperative 
plan. The length of the academic term 
is approximately twelve weeks. The stu- 
dent does not start on the cooperative 
plan until he reaches the junior year. 
Then because he has a cooperative work 
position for at least a calendar year before 
graduation, he must be in school for six 
terms in order to complete the last two 
academic years. 

The laboratory courses are planned as 
a sequence and offered as follows: two 
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courses in the junior year (one in each 
semester), one course in the pre-senior 
year, thesis in the senior year. 

An undergraduate thesis is required of 
each student and is accomplished in the 
two semesters of the senior year. Because 
of the nature of the work, the thesis 
project provides a very good proving 
ground for the laboratory sequence. 
These laboratory courses are designed 
for one hour of lecture and three hours 
of application each week. Laboratory 
sections should be as small as possible. 
Experience indicates that the following 
sizes are reasonable: 

First course — 12 students per section, 

Individual sub-sections to be formed 
as required. 

Second course — 12 students per sec- 

tion, 
Individual sub-sections to be formed 
as required. 

Third course — 12 students per section, 

Subdivided into groups of 4. 

Thesis — Individual problems usually - 

Pairs of students on a thesis project 
permissible at the discretion of 
the thesis adviser. - 

More than two students for a thesis 
project is usually discouraged. 

Since the laboratory courses are 
planned as a sequence, it is important 
for the student to appreciate that he is 
working in a sequence. The laboratory 
plan is explained to the student in the 
first course in the junior year. Then the 
plan is re-explained and further devel- 
oped in each semester as the student 
progresses. 

In the first course in the junior yeat, 
the instructor works closely with the stu- 
dent to accelerate the development of 
his initiative and responsibility. In the 
second course the instructor deliberately 
withdraws from the close contacts with 
the student and acts somewhat as 4 
project supervisor who has detailed 
knowledge of what is going on, but who 
is not directly responsible for the detail 
work. In the third semester the instructor 
is further withdrawn from contact with 
the student so that he acts as an adviser. 
At this stage he makes the student act 
as independently as possible. 
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In the thesis project, the adviser is in 
a position to assume his proper role as 
an adviser since the student has been 
developed in initiative, responsibility and 
the art of communication. Many of the 
minor and detailed duties ordinarily 
required of thesis advisers in under- 
graduate work are unnecessary. The stu- 
dent is able to carry out a much more 
sophisticated thesis project. 


Description of Equipment 
and Instruments 


The equipment used must be very 
flexible and adaptable to a large number 
of problems. The concept of a facility 
must be developed. Routine test pro- 
cedures, power test codes, performance 
codes and the like cannot be used to good 
advantage in the laboratory sequence 
described here. Practically all large-scale 
equipment has been found too cumber- 
some and not adaptable for this type of 
work. Much work has been done on 
small equipment adaptable to many dif- 
ferent problems. Emphasis has been 
placed on making accurate and valid 
Measurements and evaluations rather 
than on what the values are. The educa- 
tional value rests in being able to deter- 
mine a quantity as it is regardless of the 
number value, or the reasonableness of 
that value in an engineering economy 
study. 

Before a proper instrument can be 
chosen for a particular purpose, it is 
necessary to determine what quantity is 
to be measured and the accuracy with 
which it is to be measured. For the pur- 
pose of education, most recording in- 
struments are not very valuable. It is 
not reasonable to attempt to accumulate 
acollection of all instruments which exist 
for use in the engineering field. Even if 
one had them there would be no time to 
teach all about each specific instrument. 
In many engineering projects the mea- 
surements which must be made require 
instruments which do not exist. The 
greatest educational value results from 
teaching about instruments and instru- 
mentation, rather than attempting to 
describe and utilize a multiplicity of in- 
struments. Instruments and instrumenta- 
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tion should be treated as a part of the 
measurement problem and the emphasis 
should be placed on measurement rather 
than on the instrument which does the 
measuring. The student, properly edu- 
cated in measurement and instrumenta- 
tion, will come to appreciate the proper 
position of the instrument in his problem. 
He may even devise his own instruments 
if he cannot secure ready-built devices. 
Since this is true, the laboratory work, 
particularly in the earlier courses should 
be based on the use of elementary in- 
struments with relatively little concern 
for the highly refined models until after 
the student has learned measurement and 
instrumentation. 

After the student is sufficiently edu- 
cated in this area there will be ample 
opportunity to utilize some of the modern 
high-speed and involved instruments. Re- 
cording instruments may be used after 
the student comes to understand what 
the instrument is doing and what it is 
recording, so that the instrument and the 
recorder actually act as tools in the 
project. Such things as accuracy, re- 
sponse, interference by the instrument 
with the item being measured, and other 
very important basic items can be taught 
much more satisfactorily by the use of 
the elementary instruments. 


The student must be placed in the 
position where he specifies the instrument 
necessary to make the measurement, 
based on what is required. If the student 
makes a measurement with an instrument 
specified by the instructor, the educa- 
tional benefit is questionable. The student 
may feel that he is learning something; 
however, he will not have learned much, 
since he did not do the thinking required 
in the choice of the instrument and its 
application. 

When the teacher attempts to teach 
the art of measurement and the associated 
instrumentation instead of demonstrating 
the application of a particular instrument 
in a specific problem, he will find that 
the number of things he can do is rela- 
tively limited. The number of instru- 
ments available is certainly outside the 
range which can be handled and very 
likely not adequate or suitable for the 
solution of many engineering problems. 
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It was concluded that it was not reason- 
able to attempt to teach instruments as 
such. Based on this the department has 
adopted the concept of teaching measure- 
ments in the solution of engineering prob- 
lems as a very important part of our 
laboratory objectives. 

The student may look skeptically at 
the using of ordinary instruments in the 
earlier laboratory courses. He may feel 
that he is not being properly treated 
unless he has some elaborate instruments 
with which to work in the first semester 
laboratory course. It is part of his edu- 
cation to learn that these more compli- 
cated instruments do not lend them- 
selves as readily to the educational 
venture of teaching measurement and 
good laboratory procedures as the more 
prosaic and ordinary instruments. 


Course Description 


The first course of the laboratory se- 
quence includes one hour of lecture and 
discussion and one three-hour period of 
experimental laboratory work per week. 
The first lecture hour of this course is 
spent familiarizing the student with the 
laboratory sequence, its general objec- 
tives and attitudes. The student is in- 
troduced to the fact that he will be 
expected to plan his own work and think 
for himself. He is informed that there 
will be a deliberate attempt to avoid pre- 
determined experimental answers. He is 
made acquainted with the idea that he 
will be expected to analyze the problem, 
obtain results and draw conclusions from 
the results. He is told that, since the job 
he will be doing has never been done 
before, the results and conclusions might 
be in conflict with the instructor’s ideas, 
but he is expected to work at the solution 
of the problem at hand and not concen- 
trate on trying to obtain data which he 
thinks will please the instructor. 

Every effort is made to convince the 
student that the instructor wishes him to 
do his own thinking and will credit him 
with having done a good job even though 
the results found appear contrary to what 
the instructor thinks they should be. The 
student is informed that he will be re- 
sponsible for getting his assignment done 
on time and in a reasonable manner. 
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Since there is no predetermined answer 
to the problem, the student must rely || 
upon the conclusions drawn from the re- | 
sults obtained and he must have the 
courage to report what he finds. In some 
cases the conclusions may seem peculiar, 
If they are consistent with the results, the 
student is expected to offer reasonable 
explanation of why this is so. 

The objective of the _first-semester 
laboratory is measurement in its general 
sense. This involves data, data taking, 
and validity of data. It also involves in- 
strumentation and the calibration of 
instruments to obtain correct data. The 
instructor attempts to make the student 
self-reliant in measurement. He discusses 
problems having to do wih data, data 
taking, need for calibration and the prob- 
lems involved in locating instruments to 
get proper data. He deliberately keeps 
away from the assigned problems, leaving 
that for the student to work out. 

Problems assigned in this laboratory 
are planned around general topics such 
as pressure measurement, temperature 
measurement and speed measurement. 
Specific instructions are kept to a mini 
mum. 

The student is soon brought to the 
realization that he must use instruments 
to get data. He comes to realize that the 
instrument indicates some quantity but 
that quantity is useless unless properly 
interpreted. He finds out that the loca 
tion of an instrument is particularly 
important. He learns about the lack of 
equilibrium, transients, and the difficulty 
of obtaining representative data. He 
learns that there are a number of ways 
of measuring the same quantity and he 
is put in a position to learn that the 
means of measuring a particular quantity 
may not exist. He should not be allowed 
to make a measurement until he has @ 
reason for making it. 

The uninitiated student is usually im 
patient to get into the laboratory t 
make measurements. He is likely to take 
much more data than he needs. He i 
prone to take irrelevant data with the 
hope that possibly some of it will be of 
use when later he tries to draw a cot 
clusion from the results. Since the student 
is given a problem with no procedure 
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sheet, he faces the need to determine 


\what he is to do before he goes into the 
| laboratory. He finds that he must choose 


his instruments, locate them properly and 
know the significance of the indication 
of the instruments. 

When a student draws equipment 
from the instrument room, he is required 
to specify the type of equipment, the 
range he desires and other pertinent in- 
formation. From the foregoing discus- 
sion, it can be seen that there are many 
opportunities to make the student realize 
he must be responsible for his conclu- 
sons and his actions. If the teacher 
doesn’t do things for him, the student 
will have to use his own initiative. At 
the outset, he may work harder trying 
to find ways not to take the initiative 
than he would if he attempted to take 
it. It isn’t long before he comes to 
realize the value. 


The instructor must gain the confi- 
dence of the student and convince him 
that he will be treated fairly with re- 
spect to grades. The teacher cannot ex- 
pect the student to take the initiative and 
work in an unknown field without mak- 
ing mistakes. Therefore, the teacher will 
have to be tolerant of mistakes and 
ready to commend the student when he 
does a good job. The teacher and stu- 
dent will experience the necessity for 
treating grades in a much broader man- 
ner than a simple averaging of numbers 
placed on reports and other assignment 
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In the first-semester laboratory con- 
siderable emphasis is placed on the art 
of communication. A student is required 
to prepare a report with rigid require- 
ments. He is given specific instructions 
about these requirements and is expected 
to follow them. One of the instructions 
is that the report must be in good Eng- 
lish. No credit is given for using good 
English since it is assumed that the stu- 
dent should be capable of this. If the 
English is not good, the report is con- 
sidered not acceptable and is returned 
to the student. 

The student is given specific instruc- 
tions concerning graphs. He is told that 
since the presentation of data graphically 
i$ so important in engineering and is 
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such a valuable device, he will be ex- 
pected to present data in this form as 
much as possible and to be particularly 
careful about the preparation of it. 

If a report is not properly prepared 
due to technical errors, graphical pre- 
sentation, or English the report is re- 
turned to the student marked “not 
acceptable,” with indications from the in- 
structor about the difficulties. The stu- 
dent is expected to rework the report 
and turn it in with the next report. If 
after being reworked, the report it still 
not acceptable, it is given a failure grade. 
If it is acceptable it is graded on its 
merits at that time and may turn out 
to be an “A” or excellent grade. No 
more reworking is permitted. 


The faculty recognizes that the stu- 
dent will spend too much time in the 
preparation of the first report. Experi- 
ence indicates that he will cut that time 
by as much as 60 per cent if he pro- 
gresses properly during the first semester. 
The faculty believes that in many cases 
the specific experiment approach leads 
to too much time spent in preparing re- 
ports which include masses of data of the 
repetitive nature requiring inordinate 
amounts of student time for a relatively 
small return in education. If initiative, 
responsibility and the art of communica- 
tion are to be taught effectively, it is 
necessary to place the student in the 
position where he has to choose between 
spending too much time or using his 
initiative and responsibility to expedite 
matters. Since the intent of this approach 
is not technical alone but concerns the 
whole objective of engineering education, 
it is believed that this time is well spent. 
Many students have indicated that al- 
though they felt at the beginning of the 
semester that this approach was a bur- 
den, before the end of the semester they 
had progressed to the point that it was 
not burdensome. 

There is no need to repeat these re- 
port requirements once the educational 
objectives are obtained. Therefore, in 
succeeding courses of the sequence the 
report requirements are cut to a minimum 
with the exception of the thesis report, 
which of course must be a complete and 
formal presentation. 
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Near the end of the first semester, the 
student is introduced to the concept of 
engineering analysis. Although the ob- 
jective of the first-semester laboratory 
course is measurement in the general 
sense, the concept of the need for en- 
gineering analysis in the solution of real 
problems is introduced to prepare the 
way for the next semester’s work. 


At the end of the semester the student 
is given a laboratory final examination 
one-half to one hour in duration. In this 
examination he is required to attempt a 
real problem in which he will have the 
opportunity to use much of the general 
thinking developed during the semester. 
No specific items or questions referring 
to work done during the semester are 
introduced into the final examination. 
The objective of the examination is to 
provide the student with a summary pic- 
ture of the whole semester and to give 
some indication of how the student pro- 
gressed. during the semester. Here again 
the teacher must be very careful to ex- 
plain the nature and objectives of the 
examination to the students. 


Engineering Analysis 

The objective of the second course is 
engineering analysis. The first hour of 
the course is used to recall for the stu- 
dent the concepts and objectives of the 
total laboratory sequence and to show 
the particular position of the second 
course. Engineering analysis is described 
and discussed in some detail. The stu- 
dent is reminded of the need for him to 
use his initiative in the problem of en- 
gineering analysis. He is reminded of the 
work done in the first laboratory course 
where the objective was measurement. 
The experiences of the first semester 
laboratory course were broad enough 
so that he should have obtained a funda- 
mental concept of measurement. He is 
told that it will be presumed that he 
knows about measurement, data, data 
taking, instrumentation, and the art of 
communication and that he will be held 
responsible for applying his knowledge 
in those areas in the second semester 
now at hand. 

All of these items are part of the prob- 
lem. The instructor should spend rela- 


tively little time on them. He should 
concentrate on the particular objective of 
teaching engineering analysis. Because of 
the nature of the problem and the teach- 
ing objective, it is necessary to have a 
new problem each time the laboratory 
is taught. Of course, there are many prob. 
lems potentially possible in a particular 
area of work. It will challenge the faculty 
to seek them out and adapt them to the 
particular program. The repetitive use of 
a problem, even though it is excellent, 
diminishes the value to the student. Hu. 
man nature tends to type and classify 
things. The student is particularly adept 
at this. He is also very solicitous of the 
other students’ welfare and is too willing 
to do a favor by indicating the keys to 
the solution. Since the real value from an 
educational viewpoint rests in the ste 
dent, himself, finding those keys, it is 
important that the keys be not available 
except through his own thought pro 
cesses. 

The best way of insuring this is fo 
the faculty to assign a different problem 
each time. This puts a burden on th 
faculty. However, the results are wel 
worth the effort and the duties are not 
overly burdensome with the type of co 
operative faculty with which most of our 
engineering colleges are blessed. 


The problems for use in this second- 
semester laboratory should be relatively 
limited in scope. At this stage of de 
velopment the student does not under 
stand engineering analysis. A complicated 
problem would leave him quite far afield. 
The problem should be of a nature which 
would prevent its being typed. Also, it 
should be such a problem that the stv 
dent cannot find. a test code or a pre 
cedure concerning it in the literature. 

The problem does not necessarily 
have to be in an area in which the ste 
dent has had specific study. In fact it 
is good to use a problem which may it 
volve a theoretical area not yet covered 
by the student. Most of the scientific 
principles were introduced in the basi¢ 
science courses. The student stands 
benefit considerably if he is called on 
do some thinking in an area not yet cor 
ered in the engineering sciences. Net 
turally, this has to be approached with 
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considerable judgment. Experienced 
faculty members should know how far 
they can go in a matter such as this. 
The student reaction usually is “but I 
haven't studied that theory.” At this time 
it is reasonable to point out to him that 
practically every engineering assignment 
involves a considerable amount of theory 
never actually covered by the engineer in 
a formal classroom. The experienced pro- 
fessional man certainly does not lean 
entirely on facts which were learned in 
the classroom but uses a process of or- 
derly thought to arrive at a reasonable 
solution to the problem. 

The problems should lend themselves 
to engineering analysis and ideally would 
not be restricted to single value answers. 
The better problems should be of the 
type in which the student would seek an 
optimum value rather than a_ highest 
value or a single value answer. There 
are many opportunities here to teach very 
important fundamental engineering con- 
cepts such as rates of change and lack 
of equilibrium. A host of other very im- 
portant items enter into the problem 
solution in a normal and natural manner. 

In the actual prosecution of the work, 
the instructor and the student must keep 
in mind that the objective for this se- 
mester is engineering analysis. A written 
discussion of the general concepts of en- 
gineering analysis is given to the student 
and he is asked to consult the literature 
about this topic. The student is told that, 
although there may be many approaches 
to the solution of a problem, the en- 
gineering profession has over the years 
developed a very good method of analyz- 
ing problems using ordered thought pro- 
cesses based heavily on mathematics and 
the sciences. It is further pointed out that 
the engineering method is not acquired 
by heredity but must be learned. Since 
this student has elected to be a profes- 
sional engineer, it seems rather obvious 
that he must learn to think like and to 
develop the attitude of the professional 
engineer. 

The instructor introduces the problem 
for the course in such terms that it is not 
completely defined: for instance, “Find 
the quantity of flow through a nozzle.” 
At first the student is quite well satisfied 
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with the statement of the problem but 
after he studies it he finds that quantity 
could mean mass rate, or volume of flow, 
or many other things and he comes to 
realize that the problem, as introduced, 
is not solvable. He learns that it is neces- 
sary to know what the problem is before 
one can solve it. The student is then re- 
quired to define the problem exactly, in- 
cluding the limits. 

It takes a considerable effort on the 
part of the instructor to lead the student 
to the point where he can define the 
problem adequately. This is a very im- 
portant part of the semester’s work. The 
approach used is to require the student 
to attack the problem and then have the 
instructor constructively criticize his re- 
sult and teach him how he might have 
gone about it to do better. 


At this state of development it is not 
necessary to require a formal report each 
week. The instructor should require a 
very brief report on the particular part 
of the analysis approached that week. In 
this way the emphasis can be kept on 
the actual work of learning about engi- 
neering analysis. Important time will not 
be wasted in report writing. 

After the problem has been defined, 
the student is led through the analysis of 
the problem by the hard route of requir- 
ing him to do the best he can each week 
and then have the instructor criticize his 
work and show him how he might have 
done much better. All this time, of 
course, the student is very impatient to 
get into the laboratory to take data. He 
finds that he doesn’t know what data to 
take nor what instruments to use in get- 
ting it. He must spend more time in 
analyzing the problem before actually 
getting into the laboratory. Eventually 
the student arrives at the position where 
he can take data. He next finds that the 
actual data taking is a relatively small 
part of the engineering analysis. He 
comes to realize that he must have a 
pretty good picture of the problem be- 
fore he goes into the laboratory to get 
data. Then he must do considerable 
analysis of these before he can analyze 
the results and draw the conclusion 
which should be the answer to his prob- 
lem. 


the teach- 
to have a ee 
laboratory 
any prob- 
particular 
he faculty 
em to the 
ive use of i 
excellent, 
dent. = 


168 JOURNAL OF ENGINEERING EDUCATION _ Vol. 52—No.3 


At the end of the course a relatively 
formal report is required of each student. 
Much of this report can be and in many 
cases is prepared by the student as he 
progresses through the course. Relatively 
little time should be spent in the prepara- 
tion of the report since it is not an objec- 
tive of this course to teach the art of com- 
munication. It is necessary to require a 
formal report to develop in the student 
the art of communicating that which he 
knows. 

By the end of the course a student 
will have had sufficient experience so 
that he should be able to picture the 
engineering method of analysis well 
enough to solve a problem of his own. 

Due to the nature of the work the 
instructor will find that he has relatively 
little numerical data on which to base his 
final grades. It will be necessary for him 
to grade using considerable care based 
on his observations of progress on the 
part of the students during the semester. 
Since the students are put into the posi- 
tion of making mistakes from which they 
can learn, the grades must be based on 
progress made. 

The third course is composed of one 
hour of lecture and three hours of lab- 
oratory time. The students are divided 
into groups of three or four. A problem 
is assigned to each group by the instruc- 
tor. The problems are chosen in such a 
manner that the student group will have 
the opportunity to apply the knowledge 
gained in the two previous courses. No 
specific instructions concerning the solu- 
tion of the problem or the approach to 
the problem are given. The work of the 
two previous laboratory courses is re- 
viewed and summarized before the prob- 
lem is assigned. The instructor makes 
himself available to the student when 
advice or guidance is necessary. 


The instructor will answer no questions 
which are designed to do the thinking 
for the student. If the student has made 
a real attempt and finds that he needs 
help, he can get assistance from the in- 
structor. In general it is expected that 
he will apply what he has learned. 

During the course the student is ex- 
pected to report his progress each week. 


The instructor has the option of requir. 
ing a written progress report which js 
quite brief and likely in letter form o 
an oral presentation by a student befor 
the laboratory class. The oral presenta. 
tion gives the student a much needed 
opportunity to speak before a group. It 
also requires him to think on his feet as 
questions are posed by his fellow stu. 
dents and the instructor. At the end of 
the semester a formal report is required 
of each group. 

In this course the student has the op 
portunity to mature rapidly, because the 
instructor is withdrawn to a considerable 
extent. Since this is the first time the 
student is essentially on his ‘own, the 
instructor must actually keep a rather 
close contact with the student’s progres 
and be ready to help him if he gets lost 
At this point the student can get lost 
quite easily. The instructor must be 
keenly aware of the differences betwee 
getting lost because of a lack of effort 
or initiative and getting into a no 
productive situation. The instructor must 
have an intimate picture of the progres 
of each group and the individual within 


. that group in order to guide properly. I 


may look to the uninitiated as though the 
teacher is not doing very much since he 
is holding the student responsible for the 
prosecution of the project. In actuality 
he is carrying on a full-time teaching 
effort. 


Thesis Project 


An undergraduate thesis is required of 
all graduates. This project is carried o 
throughout the senior year. The require 
ments of a thesis project are such that 
it provides a good proving ground to 
demonstrate the effectiveness of the lab 
oratory sequence to date. The thesis at- 
visers are in a good position to evaluate 
the ability of the student. Some thesis 
advisers had experience prior to the time 
when this laboratory sequence was initt 
ated in 1953. They are in a position 
evaluate the effectiveness of this pre 
gram. The thesis advisers who had e& 
perience in both laboratory programs be 
lieve that the students educated in the 
present laboratory sequence are muéh 
better prepared than those educated ut 
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der the more specific laboratory approach 
used before 1953. Present seniors ap- 
proach the laboratory as more mature 
people. They also do a much better job 
in communicating both in writing and 
orally. They use more initiative and form 
more responsible conclusions. 


Financial Considerations 


Such a laboratory sequence can be 
supported on a moderate equipment 
budget. The type of equipment needed 
is relatively small in size and low in cost. 
Much of the success of the laboratory 
sequence depends upon the ingenuity of 
the faculty rather than upon the cost of 
the equipment. Instruments for the ear- 
lier courses can be ordinary items of low 
cost. However, the kind of instruments 
required later in the laboratory sequence 
are costly. It is reasonable to say that 
the total equipment costs for the labora- 
tory sequence should be relatively low. 


Teaching Loads 


Because of the nature of the work done 
in this laboratory sequence a close re- 
lationship is necessary between the stu- 
dent and the faculty. Laboratory sections 
must be smaller. This results in increased 
teaching load. Over the whole sequence 
it is estimated that the teaching load has 
been increased by at least 50 per cent 
as compared to the experience using the 
specific experiment approach. This may 
be considered as a very serious obstacle 
but the Mechanical Engineering Depart- 
ment feels that it is a good investment, 
particularly in view of the gain made 
by eliminating time-consuming labora- 
tory work which is too specific in nature. 


General Observations 


There are numerous difficulties in- 
volved in carrying on any worthwhile 
endeavor. These depend upon the nature 
of the project and how it is organized. 
A few which seem quite typical of this 
endeavor are mentioned here. Because 
there is need for a large number of suit- 
able problems, the faculty is constantly 
challenged to supply them. This is a pro- 
ject for the whole faculty and not for 
one or two members. If the faculty mem- 
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bers get a project such as this started 
and then fail to supply new problems, 
the value of the laboratory sequence 
probably will become less than if specific 
experimentation is used. Before such a 
laboratory sequence is initiated the facul- - 
ty should be willing to assume a continu- 
ing effort. The job will not be done by 
planning the courses for the first group of 
students. 

In the correction of reports, the faculty 
assumes a more demanding effort. Since 
the plan of the laboratory sequence is a 
continuous development, the student 
must prepare the report and the instruc- 
tor read it and correct it before the next 
laboratory meeting. This will likely mean 
that the teacher will have two days in 
which to read and grade the reports and 
prepare himself for the next laboratory 
meeting which should be based on the 
progress shown in the reports just 
graded. 

The student will have less flexibility 
in a plan such as this. However, when 
the student and the teacher work to- 
gether the results can be very good. The 
experience here has been quite good in 
this respect. Both faculty and students, 
recognizing the values obtainable, have 
cooperated very well. There are few ex- 
ceptions but these are regarded as sta- 
tistically unfortunate incidents. 

The faculty was quite willing to as- 
sume the difficulties and the change. 
The students, recognizing the conviction 
of the faculty and the possibility of a 
more beneficial approach, accepted the 
challenge and cooperated in a very satis- 
factory manner. They cooperated in such 
a way as to indicate considerable interest 
in the laboratory sequence. 

Another way in which the faculty is 
challenged is the fact that all the work 
carried out in the laboratory is essentially 
new, being a first-time effort. There are 
no procedure sheets. The faculty must 
act in a very flexible manner. It is pos- 
sible to learn the routine in a specific- 
experiment type of laboratory. When the 
routine is eliminated the teacher is faced 
with a considerably bigger problem. In- 
numerable situations may arise and some 
of them are almost unexplainable at the 
moment. If the teacher is constantly 
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alert, he can wring real educational value Surveys of seniors indicate the sty. 
out of each of the problems which arise. | dents at graduation time feel that, ab 
Of course, the students and the teacher though the laboratory work was mor 

together cannot arrive always at a rea- |§ demanding than it would otherwise haye The 
sonable solution of the problem. Even _ been, it was good for them. Therefore, 
here the teacher can derive a benefit for they have been in favor of it. Informal 
the student by pointing out the limita- | questioning of some employers of grad- 
tions of the approach to problems. Since _uates who have experienced this labora 
these incidental problems do not prevent —_ tory sequence indicates very satisfactory 
the attainment of a reasonable solution results. Informal questioning of many ec. 
to the semester project, the student gains graduates concerning their reactions t 3 
a very important educational benefit. | the laboratory sequence with respect tp 
The teacher finds it a satisfying experi- _ the job or graduate school indicates vey§ I sho 
ence also. Although the particular ex- satisfactory thinking. The faculty ar formal — 
perience may never be repeated, it is | quite well satisfied with the results. On§ to the 
quite certain that there'll always be the basis of results observed, they ar§ term tr 
enough of these occurrences to make it convinced that this type of approach tof educatic 


worthwhile. the laboratory teaching is superior to th} There : 
specific experimentation type in the de relation 

Results velopment of a professional engineer § last twe 
The results obtained in this laboratory They will continue to teach and develop§ has bee 
sequence are very satisfactory. Faculty the project laboratory sequence. revolutic 
members, particularly thesis advisers, 3 with de 
have noted a considerable change for Recommendations tainly ir 
the better since the students who have It is recommended that other schoo} jf you 


experienced this laboratory sequence consider very seriously the possibility 
reached the senior year. The goal of adopting an approach in teaching labow§ of the ¢ 
making the students more responsible and _ tory other than the specific experimentt§ 2+ the 
capable of using initiative was attained tion type. The project-type laboraton§ font { 
in a higher degree than would be pos- _ work carried on in a sequence of cours} po mor} 
sible with the specific experimentation is a promising solution. It is hoped thitf ji. acc 
approach in the laboratory. If the stu- other faculties have experiences to off airiouh 
dent is required to use initiative in the so that the engineering teaching pm§ i. of + 
laboratory, the results are not confined to _fession can utilize laboratory time to the igo the 
the laboratory. They pervade his whole _ best possible advantage for the student 7, ,,, 
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ENGINEERING SCIENCE AT RENSSELAER ‘media 
Establishment of an engineering science curriculum at Rensselaer effective ig Pl@ctice. 
September has been announced by Dr. Clayton O. Dohrenwend, vice-president who gra 
provost. ricula an 
The first three years of the program provide courses in basic science, matheg*S @ Sig! 
matics and engineering science that place greater emphasis on the mathematical am 
analytical approach than is true of most other engineering curricula. In his senié fies 
year, the student is encouraged to elect a sequence of courses either of a physic Se 
oriented nature or chemistry-oriented nature to suit his personal interests and 0 neeri 
jectives. D:C. 
While the new curriculum emphasizes basic science and engineering science, i Publi 
does so in an engineering frame of reference. There are included three courses # the C 
engineering laboratory. Also, the senior year requires courses in analysis and synthesi od : 
of engineering systems and encourages electives that have similar objectives. It ® — 
quires, as do all engineering programs at the Institute, considerable study in the att visios 
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The Trends in Engineering Curricula and Their 
Effect on Requirements in Mathematics 


NEWMAN A. HALL 


t of Mechanical Engineering 
Yale University 


I should like to explore, in a very in- 
formal manner, the general question as 
to the relationship between the long- 
term trends taking place in engineering 
education and the problem at hand. 
There is an extremely important cor- 
relation in this regard, because in the 
last twenty years engineering education 
has been undergoing a revolution. This 
revolution has a very strong correlation 
with developments in mathematics—cer- 
tainly in applied mathematics. 

If you look at the task of engineering 
education and the fundamental objective 
of the engineering curriculum, you find 
that the present objective is quite dif- 
ferent from that of thirty years ago. 
Formerly, the general and, without ques- 
tion, accepted objective of an engineering 
curriculum was the systematic prepara- 
tion of the student for immediate entrance 
into the current practice of engineering. 
The student was supposed to know the 
mathematics and physics required as an 
essential background for those methods 
of engineering analysis, design, and test 
which he would be called upon to use 
immediately upon his going out into 
practice. Today, many of our engineers 
who graduate from our four-year cur- 
ricula are still being trained with this 
as a significant aspect of their training. 
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However, the current objective, and the 
one which is by and large accepted by 
the profession in engineering education, 
is that the student is to be prepared 
comprehensively, with emphasis on fun- 
damentals, so that he will ultimately be 
in a position to develop, as an engineer, 
new systems, new processes, and new 
devices. 

Now you notice the difference in em- 
phasis. In one case I emphasized en- 
trance into current practice, and in the 
other I’ve emphasized the ultimate 
ability to develop. In other words we 
have shifted our emphasis in engineering 
education from operations to develop- 
ment. I am using the word “develop- 
ment” in a little broader sense than the 
usual R and D concept because it in- 
cludes things which are concerned with 
the development of new products—the 
industrial development activities which, 
from the engineering standpoint, aren't 
really research but certainly are not oper- 
ations or current practice. The problems 
of design as a result of this shift in 
objective, and again I use “design” in a 
fairly broad sense, are those which are 
not so much based on current standard 
practice, or past practice, but are rather 
those based on application of broad 
principles. Let us consider an example. 
You have the problem of a design of a 
mechanical power transmission system. 
This is the sort of problem which today 
in large part you can put on a computer; 
you don’t need a well-trained engineer 
to do all of this job. So, a lot of things 
which used to be done by engineers, 
which were based on standard practice 
and which the engineer had to be trained 
to do, will no longer require the same 
type of extensive training. The design 
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job still remains, but it is now one where 
you have no complete idea what knowl- 
edge you're going to have to use. The 
probability is that if it’s an engineering 
job of any consequence it’s not going to 
be one which follows standard practice 
except in a somewhat incidental way. 
More of the emphasis will be on bring- 
ing in new physical concepts and new 
modes of analysis. 

Another consequence of this shift in 
objectives is that there is a much greater 
degree of .emphasis on systematic and 
really comprehensive analysis—analysis 
both for its own sake, the use of what 
we call mathematical models, and also 
the very critical analysis of test informa- 
tion. The engineer used to rely very 
strongly on test results which enabled him 
to see if the device really worked. Today, 
our test results in engineering develop- 
ment and engineering design are more 
intermediate; you get the test results and 
then you do almost as much analysis on 
the test results as you do on a mathe- 
matical model that you might use. This 
gives us a great deal more power in 
new things than we formerly 

ad. 


There is a very substantial de-emphasis, 
insofar as the engineering curriculum is 
concerned, on routine techniques. The 
engineer formerly had to be a good me- 
chanic if he was a mechanical engineer. 
We're all very familiar with shop prac- 
tice courses which used to be standard. 
I have been in many schools, even in 
the last fifteen years, where the students 
were being taught to use forging equip- 
ment, the sort of thing, almost, that a 
blacksmith would use. This has been 
changed very substantially. 

Even such areas as surveying are being 
changed. We do not now talk about 
surveying; we talk about photogram- 
metry. In this, we're making a shift 
which has some strong mathematical 
overtones. Drafting is entirely changed 
from what it used to be. There are a 
few schools which have no drafting re- 
quirements in their engineering curricu- 
lum, and it is accepted. Furthermore, 
there are very few of the engineering 
schools whose drafting course has not 
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been tremendously changed, and in very 
few cases do you have any of the em. 
phasis on precision, skill, and pen and 
ink drawing that you used to have. 

Another major change is the introduc. 
tion of what we call engineering science, 
or applied science as you may wish to 
put it, as a major aspect of the engineer. 
ing curriculum. And then last, as a major 
consequence of this change in objective, 
is the shift in emphasis towards gradv. 
ate work in engineering. 


Thirty years ago, there were very few 
graduate students in engineering. The 
number of doctoral programs in engineer. 
ing in 1930 could be counted on th 
fingers of one hand. Today we all know 
the change that has taken place, and 
the evidence is clear that graduate work 
in engineering will become even more 
important in the future. 


We can look forward to further trend 
in this direction. The whole area d 
engineering operation as distinct from 
engineering development and this is a 
area which 30 or 40 years ago the m 
jority of engineers went into, is actually 
being shifted now to the student who is 
the graduate of the technical institute 
This is a trend which is coming about 
probably more rapidly than we either 
are aware of or altogether prepared tv 
handle. The routine engineering task é 
not going to be done by the graduate 
of the engineering school. In many cases 
it can be handled more effectively by the 
graduate of a technical institute. If you 
want a good technician to do a survey- 
ing job, a job that used to be done ly 
engineers, you are now better off to hir 
a graduate of a technical institute. 


We are going to see much further de! 
velopment in the effective use of analysis, 
perhaps I should use “applied mathe 
matics,” and of engineering science, 
“applied” science or “applied” physic, 
what you will, in our engineering work 


Preparation for Design 

Another significant change that’s goilif 
to take place in our outlook, certaiall 
as far as education, is the task of pit 
paring people to do design work. I spe 
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of design work in the large sense that 
some people would prefer to describe as 
“engineering synthesis.” This is going to 
be changed a great deal in that it is 
going to be placed in a position where 
we are more concerned with the method- 
ology, with logic of design, and the ap- 
proach to doing designing, and also we're 
going to be in the position where we 
want to use in our design job all of the 
power of applied mathematics and ap- 
plied science we have available. If we do 
not do that in engineering, we are not 
going to be doing a significant job. 

I want to talk in more detail about 
this matter of engineering science in 
the engineering curriculum. I want to 
talk about it in relation to the prob- 
lem of applied mathematics, or mathe- 
matics in any sense in the engineering 
curriculum, because I think there is a 
great deal of relevance and in a sense 
sort of a case study. We have in this 
area of engineering science, which has 
been growing in significance and con- 
sequence in our engineering curricula 
during the last ten years, something 
which may parallel what is happening 
with regard to mathematics. 


The engineering science area is the 
area of physical science, which is most 
frequently applied or is applicable to the 
problems of designing, analyzing, and 
testing engineering systems. An engineer 
formerly was trained in the fundamentals 
of physics, and these fundamentals, along 
with the well-established practices or 
procedures of engineering analysis which 
he had, were sufficient. But as we know 
within the last twenty years, this is no 
longer sufficient. The engineer must have 
at hand a great many more tools and a 
broader understanding of the fundamen- 
tals of science which have been estab- 
lished as applicable, or potentially ap- 
plicable, to engineering problems than 
he formerly had. We realize this fully 
and it is now well represented in our 
engineering curriculum. All of you are 
familiar, of course, with the procedures 
by which this was formalized in a report 
on the evaluation for engineering educa- 
tion and are familiar with the subsequent 
studies and steps which have been in- 
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volved in getting this into the engineer- 
ing curriculum. There is scarcely an en- 
gineering school in the country which 
does not accept the importance of this 
area in their program. 

However, a significant aspect of engi- 
neering science is that it could be de- 
scribed quite easily, in many cases, as 
applied physics. For example, what is 
thermodynamics but a branch of physics? 
What is electricity and magnetism but 
a branch of physics? What is applied 
mechanics but a branch of physics? You 
could take all of these areas and say, 
“You're not talking engineering, you're 
talking physics.” And yet we find, with- 
out exception, that this material is taught 
by engineers as part of the engineering 
curriculum and is accepted by anybody 
who is concerned as a legitimate activity 
for engineers as part of the engineering 
curriculum. To be sure, they are doing 
more than just teaching the pure scientific 
aspects, although in fact the objective 
of the engineering curriculum is to give 
the student a basic and comprehensive 
familiarity with the physical principles 
involved as applied to engineering prob- 
lems. In other words, there is a concern 
with the broad principles and modes of 
analysis because it is to be applied in 
engineering situations. This is different 
from the physicist. The physicist gets his 
fundamental knowledge because he 
knows he’s going to use this knowledge in 
order to further his understanding of 
physical phenomena. He’s not going to 
apply it to an engineering situation, but 
the engineer is. This is a significant dif- 
ference, and yet the completeness in the 
engineering science material is distinct 
from the former traditional analysis of 
engineering design systems; the com- 
pleteness now is the completeness as far 
as the underlying physical theory is con- 
cerned rather than a completeness with 
regard to engineering practice. 


In the field of thermodynamics, for 
example, as it is being taught now and as 
it is developing in our engineering cur- 
ricula, we are concerned that the student 
have a good understanding of the basic 
principles in a broad manner, but we are 
relatively unconcerned as to whether he 
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acquires a familiarity with all practical 
devices with which an engineer has to 
deal in production or his application to 
practice. We’ve made this change for 
many reasons. Among many other prac- 
tical reasons, engineering has proliferated 
to the extent that you know perfectly 
well you can’t possibly give the engineer 
a familiarity with all current devices and 
systems, so that what you do is give him 
familiarity with the underlying principles 
and show him how they are applied to 
representative situations. With this, he 
can carry on when he gets out into indus- 
try or wherever he is going to work. He'll 
have a knowledge of that basic informa- 
tion which is to be used, and a knowl- 
edge of how it is used in an engineering 
situation. 


Thus, there is a whole area, essentially 
physical science, which is taught as en- 
gineering. Then you come back to the 
question, if this is true (and this is a 
question people have asked rather 
searchingly), why bother with any in- 
struction in physics at all? Let’s eliminate 
the physics instruction. An engineer can 
do a better job of teaching dynamics than 
a physicist; he can do a better job of 
teaching electricity and magnetism than 
a physicist; he can do a better job of 
teaching thermodynamics. than a physi- 
cist. So, why bother with any physics 
instruction at all? This is a question 
which I think the physicist perhaps can 
answer better than the engineer. How- 
ever, there are several reasons why we 
will always have to have some physics 
in our engineering curriculum. Prob- 
ably the physicists can give a more ob- 
jective introduction to physics than can 
an engineer. Perhaps this is a really good 
thing for an engineer to have, because 
even in engineering sciences and even 
with the current emphasis in breadth 
and fundamentals the engineer is talking 
about the sort of things he anticipates 
may be relevant—even though they may 
be things which are not developed. The 
physicist is talking about completely ob- 
jective broad concepts from the point 
of view of the nature of the physical 
world, so he can be more objective than 
the engineer can be. He can give better 
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emphasis to the philosophy of physics 
and the general area of physical sciences, 
Futhermore, the physicist in various 
levels, not necessarily in introductory 
levels, can give the engineer some vision 
as to some of the areas which are in 
the process of development, which are 
not yet even contemplated as far as 
application to engineering, in a way that 
the engineer cannot give. The physicist 
can give the engineer some insight into 
the developing areas in physics itself. 


The Meaning for Mathematics 


What does all this mean with regard 
to instruction in mathematics? I think 
now you can see why I dwelt on this 
parallel in engineering science. There 
is very likely, and in fact there is oc 
curring, a similar development. This de- 
velopment which we have been allud- 
ing to is the mathematical instruction 
which takes place in the engineering cur 
riculum itself. Thirty years ago it was 
practically nonexistent. The engineering 
student frequently had only one year of 
introductory mathematics. Sometimes 
after learning his calculus, and complet- 
ing his engineering courses, he never 
used his mathematics again. This is now 
completely changed, perhaps not as much 
in some schools as would be desirable, 
but certainly the basic viewpoint is that 
this is to be changed. Any engineering 
faculty that is not in the position of 
making effective use of mathematics and 
not yet doing a certain amount of mathe- 
matical teaching in its own courses is 
probably sensitive to this point and is 
making efforts to change. 

There are several aspects to this matter 
of how mathematics gets into the er 
gineering courses. The first is that more 
and more, on the basis of the emphasis 
on analysis which I referred to earlier, 
the engineering student must have a very 
effective skill in the use of mathematics 
as an analytical tool. He’s got to use it 
over and over again; he’s got to use it 
easily. It used to be that the engineer 
had to be extremely skillful in doing 
things with his hands in the shop. He had 
to be able to make everything; he had 
to be able to set up his test equipment; 
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he had to be skilled manually*from a 
technical or mechanical standpoint. We 
can say now that the engineer needs a 
comparable type of skill and as effective 
a skill in mathematical techniques. Our 
problem, then, in our engineering courses 
is to insure that he acquires this. It 
doesn’t always happen in his mathe- 
matics courses. We find in our engineer- 
ing courses certain areas of mathematics 
which are systematically developed es- 
sentially as mathematical skills for use 
just as in our engineering science courses 
we find topics in physics developed in the 
engineering context. Vector analysis, for 
example, is taught frequently now as part 
of engineering courses, and sometimes 
taught very well. In my own institution 
in freshman engineering courses, we 
teach our students vector analysis prac- 
tically the first week, before they are 
quite aware as to what the mathemati- 
cians are doing to them. The area of 
complex functions has been mentioned. 
Certainly this is something which is 
taught in engineering courses. Electrical 
engineers do an excellent job of teach- 
ing Laplace transforms, in many cases 
with a substantial amount of mathe- 
matical rigor. We could go on to other 
areas on a more advanced level in the 
applications of partial differential equa- 
tions, linear algebra, probability and 
various areas which are developed sys- 
tematically as part of engineering courses. 
This is going to continue in the future 
and to be developed more than it has 
been in the past. 


Just where this is going to go and how 
it should be balanced is hard to pin down, 
but I think it’s an inevitable trend. One 
of the questions to which we don’t know 
the answer is, “What is the job of the 
mathematician with reference to the 
training of the engineer?” It seems to me 
there are two or three things which can 
be pointed out very clearly. 


Mathematician’s Responsibility 


Certainly the mathematician must ac- 
cept the responsibility of getting the 
engineering student started in his acquisi- 
tion of facility in handling mathematics 
a a tool. Furthermore, quite closely 
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associated with this is the responsibility 
of the mathematician to persuade the 
student who is going into engineering 
that mathematics is something useful, 
that it is something which he should be 
willing and enthusiastic to use as a tool, 
and that it is something that is going 
to be relevant to his own area of investi- 
gation. I stress this because in the en- 
thusiasm to give the student a good 
appreciation of principles and concepts 
so that he will have a broad basis of 
mathematical foundations, sometimes the 
importance of motivation with regard 
to the use of mathematics by the engineer 
is overlooked by a mathematician. Stu- 
dents may then come into engineering 
courses with the feeling of antagonism 
towards mathematics—which is certainly 
unfortunate and undesirable. 


A general question involves the role 
of those mathematical topics which are 
parallel to certain developments in en- 
gineering courses. We had mentioned a 
whole series of such courses this morning, 
and the question was raised as to whether 
these should be taught by engineers or 
mathematicians. I think this is probably 
going to work out at different institutions 
in different ways, because it depends 
upon the faculty, and it depends upon 
their interest. But certainly the areas of 
advanced algebraic fields of all types 
are ones which the engineer is going to 
have to learn more and more about. The 
general field of vectors and tensors and 
the more general vector spaces are ex- 
amples. The whole field of statistics and 
probability is an area which is very much 
involved in engineering analysis but 
which has its broader aspects as well. 

Now, let me go on to one other point 
which, again, has a very close parallel 
to the history of this situation in en- 
gineering science. I have been stressing 
the fact that the mathematical aspects 
and portions of the engineering courses 
in the curricula are increasing. One of 
the biggest problems in connection with 
that is the mathematical competence of 
our engineering faculty. We had exactly 
the same problem with regard to en- 
gineering science. There are various ways 
by which this problem is solved, many 
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of them obvious, but it remains a prob- 
lem. One of the complaints of the mathe- 
matics faculty is that many times the 
engineers have said, “Well, our students 
need to know the Laplace transform.” 
So the mathematics department finally 
puts this in, and then after a couple of 
years finds that the engineering faculties 
never make use of this information. The 
reason for this is that the students know 
the material, but the faculty doesn’t. 
The students could use it, and use it to 
advantage, but the faculty hasn’t the 
vaguest idea what a Laplace transform 
is all about. If you took a poll right now 
of the engineering faculties over the 
country on that very subject, I think 
you would be a little bit dismayed as to 
what the engineering faculties didn’t 
know. This is a problem which must 
be solved ultimately for the engineers to 
do their own job. The engineers must 
inevitably use more mathematics. 

You also do not solve this problem by 
waiting for people to retire. At least you 
don’t solve it quite as quickly as you 
want to. Because, you see, not only does 
it take a while for people to retire but 
the people who are retiring have been 
training the engineers that you are going 
to hire as their replacements. So, these 
engineers aren't going to know the ap- 
plication of mathematics as effectively 
as they ought to. Of course, you can 
convert mathematicians to engineers. This 
has some advantages, but it has some dis- 
advantages, too. You lower your supply 
of mathematicians, among other things. 
So, somehow or other, this is something 
that must be faced. There must be a 
group of people, both in mathematics 
and engineering, who have a constant 
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and active concern for the continual in- 
jection of mathematics into our engineer- 
ing teaching and into our engineering 
analysis. This is the thing which needs 
to be fostered at every possible turn be- 
cause of the increased efficiency in our 
engineering work which results from it. 
As I say, this has to be done by people 
on both sides. 

The engineering student himself, it 
seems to me, must acquire from his 
mathematical instruction, be it by mathe- 
maticians or engineers, three principal 
things. 

In the first place, as an engineer, he 
must acquire a very high degree of moti- 
vation towards the use of mathematics, 
mathematics of the most sophisticated 
kind. If we do not attempt to motivate 
the students towards this endeavor, we 
will be doing both mathematics and en- 
gineering a disservice. 

The engineering student must be able 
to use his mathematics as a tool. Now! 
do not say this in any depreciating form, 
but just simply as a recognition of its 
importance. You can talk about mathe 
matical ideas; you may be motivated; but 
unless you can use it in day-to-day prob- 
lems and analyses which the engineer 
uses at all levels, and really use it effec- 
tively, you’ve not accomplished anything. 

Last, the student must have a very 
deep appreciation that mathematics can 
contribute very substantially to the er 
gineering job as an engineering job. The 
student is getting an appreciation today 
that all aspects of physical science will 


contribute to his solving of whatever 


engineering job he will encounter. How- 
ever we can do that, we'll be doing some- 
thing very useful. 


U. OF MIAMI STARTS ADVANCED PROGRAM 


The University of Miami initiated advanced and graduate programs in engineering 
with the start of fall semester classes Sept. 18, according to UM President Jay F. W. 
Pearson. 

Courses will be offered leading to the Master of Science degree in civil engineet- 
ing and professional degrees in both electrical and mechanical engineering. 
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Engineering Students Must Learn 
Both Computing and Mathematics 


GEORGE E. FORSYTHE 


Professor of Mathematics 
Stanford University—Stanford, California 


1. Computer Use Today 


I shall open my remarks by describing 
the present state of automatic digital 
computers (to be called “computers” for 
brevity). These are developing so rapidly 
that even computer scientists cannot keep 
up with them. It must be bewildering to 
most mathematicians and engineers. 

Modern automatic digital computers 
can not only calculate and make decisions 
automatically, but they can also do these 
things more than 100,000 times faster 
than was possible twenty years ago. This 
revolutionary increase in speed permits 
scientific computations of the sort done 
years ago to be done much faster, and 
yet this acceleration is but a small aspect 
of the Computer Revolution. Much more 
significant is the vast broadening of the 
kinds of things being done with compu- 
ters. These include the automation of 
such varied activities as forecasting the 
weather, controlling air traffic, keeping 
insurance and bank records, controlling 
factory production, playing chess, proving 
theorems, carrying out mathematical anal- 
ysis, preparing concordances, composing 
music, and designing computers. Much of 
modern engineering, particularly in the 


Talk presented March 11, 1961, to 
a joint meeting of the Committee 
on the Undergraduate Program in 
Mathematics of the Mathematical 
Association of America and a group 
of engineers interested in the math- 
ematical training of engineering stu- 
dents. Published through coopera- 
tion of the Committee on the Un- 
dergraduate Program in Mathemat- 
oh and ASEE’s Mathematics Divi- 


fields of atomic energy and space tech- 
nology, simply could not go on without 
the detailed simulation of large physical 
systems on an automatic computer. 
Still in the future, but under serious 
study, are the uses of computers to trans- 
late foreign books, to retrieve vital in- 
formation from libraries, to simulate a na- 
tional economy, and to learn to recognize 
written characters. 

In spite of the diversity of the appli- 
cations, the methods of attacking the dif- 
ferent problems with computers show a 
great unity, and the name of Computer 
Sciences is being attached to the dis- 
cipline as it emerges. It must be under- 
stood, however, that this is a very young 
field whose structure is still nebulous. 
The student will find a great many more 
problems than answers. 

Machines are directed by a succession 
of detailed instructions, each of which 
is obeyed’ in a few microseconds. Since 
many problems require for their solution 
the execution of millions of these instruc- 
tions, it is impossible for human beings 
to prepare a sufficient number of them, 
and machines must prepare their own 
instructions. This has led to the design 
of a hierarchy of languages and a corre- 
sponding series of machines programs, 
each of which prepares instructions for 
the next lower level in the hierarchy, 
based on directions received from the 
next higher level. Moreover, these ma- 
chine programs must themselves be 
written by machine. The study of these 
activities is called the theory of computer 
programming, and it is perhaps the most 
important of the computer sciences, since 
it pertains to all possible applications of 
computers. 
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Another task common to the solution of 
any problem with a computer is the 
preparation of a complete description of 
the problem and an algorithm to solve it, 
a description without a single loose end 
untied. The language for this description 
is influenced by those developed in thé 
theory of programming. Often a problem 
is better understood and half solved as 
a direct result of preparing this complete 
description. Thus the computer sciences 
are partly independent of actual auto- 
matic computers, and have a significant 
feedback to the areas of application. 

Other computer sciences include nu- 
merical analysis, the study of data pro- 
cessing, and the design of computer sys- 
tems. These have been studied longer 
than the theory of programming, and 
are better understood and more available 
in courses. 


2. Computing at Stanford 


Let me describe the situation at Stan- 
ford, which is reasonably typical of 
dozens of universities in this country. Al- 
though we have a slower computer than 
many top universities, almost no other 
university has as good a language for 
rapidly and easily writing programs for 
the computer. 

We have a Burroughs 220 computer 
with 8000 words of memory that are ac- 
cessible in microseconds. We -have five 
magnetic-tape transports, each of which 
can hold about a half-million words with 
access times down to half a millisecond. 
The arithmetic unit multiplies in an aver- 
age of 2 milliseconds (decidedly the 
weakest part of our system). We have 
punched-card input and output and on- 
line printed output. There are other fea- 
tures of less relevance here. 

Although there is a machine language 
and a good symbolic assembly language, 
about 95 per cent of the programs are 
written in the Burroughs form of 


ALGOL. At the beginning of 1960 an 
international committee! defined ALGOL 
as a standard language for the commu- 
nication of mathematical and logical al- 
gorithms. This is a considerably more 
sophisticated language than FORTRAN, 
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in this country perhaps the best known 
of the algebraic languages. In ALGOL 
one can describe sequences of instruc. 
tions like those for evaluating a poly. 
nomial. One can group such sequences 
into packages called procedures, which 
then can be temporarily added to the 
structure of the language and used to 
build other structures. This is the real 
power of ALGOL. For example, one can 
write a procedure for taking the inner 
product of two vectors. One may then 
use this as an elementary operation in 
building up a matrix multiplication pro- 
cedure. One may then use matrix multi- 
plication as a unit in a matrix function 
evaluation procedure. And so on. All 
features of the language permit unlim- 
ited finite recursive depth of nesting. 
Boolean variables and logical operands 
are also allowed. 


Now, the Burroughs Corporation has 
written a program? by which the Bur 
roughs 220 can translate programs 
written in the Burroughs form of ALGOL 
into Burroughs 220 machine language. 
Such a program is called a compiler, be- 
cause it compiles a program out of ak 
gebraic input. It happens that, although 
the 220 is a slow machine, the Burroughs 
compiler writes code considerably faster 
than most comparable systems. The re 
sult is that users rarely keep their com- 
piled programs, but prefer to recompile 
them each time they use the computer. 


Of course, the great value of ALGOL 
and other languages is that it returns to 
the engineer or other user the direct 
control of the solution to his problem. 
When machine language was used, prep- 
aration of a program was so slow and 
tedious that one normally hired profes 
sional programmers to write a code. 
Moreover, one rarely knew just what the 
program did, because machine code is 
so tedious to read. Today, with ALGOL, 
an engineer can learn to write his own 
programs in ten hours of study. Pro 
grams can be written perhaps fifty times 
faster than formerly. Moreover, programs 
can now be borrowed from all over the 
world because of the standardization of 
the ALGOL language. If one doesn’t have 
time to learn to write ALGOL, one can 
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still hire a professional coder (they may 
even be getting easier to hire!) but now 
one can personally read and check the 
program. It is in this way that the engi- 
neer is regaining control of his own prob- 
lems. He may still have to trust the com- 
puting center for the accuracy of the 
subroutines and operating system, and 
for packages like matrix inversion rou- 
tines. 

At Stanford anyone can give the com- 
puting center his ALGOL deck for a short 
problem at 9:00 a.m. and be sure of hav- 
ing his answer by 11:00 a.m. If he stands 
around, he may even get two or three 
runs in that time. He can get various 
types of traces and print-outs and moni- 
tors and error messages to assist his de- 
bugging of the program. This is a work- 
able system. One can conceive a prob- 
lem on one day, write an ALGOL pro- 
gram in the evening, punch the cards at 
8:00 a.m., and have his answers by 10:00 
am. I do this regularly in connection 
with class work or research—for short 
problems. Similar two-hour service is pos- 
sible in the afternoon. 

Roughly the same things are being 
done at Michigan with the MAD com- 
piler, by M.I.T. with the FORTRAN 
compiler, and at other universities in 
other languages. (I cannot vouch for 
their operating schedules.) The com- 
puter has been put into easy communica- 
tion with anyone who wants to use it. 

A lot of research is going on in the 
theory of programming, much of which 
is concerned with how to make this com- 
munication between problem-solver and 
machine as easy as possible. In particular, 
we need to know how to make quick and 
cheap transitions from machine to ma- 
chine. Since a university must expect to 
change machines every three years, more 
or less, it is vital to know how to make 
the language for one machine serve for 
the next machine. The faculty simply 
cannot be expected to make the language 
transition every three years. The solution 
seems to be along the usual lines of com- 
puter development—the design of still 
other programs to write the translator 
programs. Thus the hierarchical structure 
of programs continues to grow higher. 
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3. Need for freshman computing course 


I assume that the purpose of today’s 
engineering education is to train a stu- 
dent to solve the engineering problems 
he will meet in his working lifetime— 
that is, until past the year 2000. For this 
role the student needs some relatively 
concrete tools, such as a knowledge of 
circuit theory or of contemporary litera- 
ture on materials, and this is furnished 
entirely by the engineering departments. 
In addition, he needs some abstract ana- 
lytical tools, and these are usually fur- 
nished by such outside departments as 
Physics, English, Statistics, and Mathe- 
matics. With the vastly accelerated de- 
velopment of the technology, engineers 
realize that the abstract tools are the 
more useful, because of their slower rate 
of obsolescence. As the most abstract of 
the tool subjects, mathematics is receiv- 
ing much attention in current engineer- 
ing curriculum studies. (I think in to- 
day’s discussion that we may ignore 
mathematics as an art form.) 

I should like to propose that an auto- 
matic digital computer is an engineer- 
ing tool which is very abstract in its ap- 
plication and very powerful. For many 
problems facing the engineer, its effective 
power and its effective abstraction may 
be as great or greater than those of 
mathematical analysis. While the po- 
tentialities of this great power are only 
beginning to be realized, they will cer- 
tainly be commonplace within the first 
decade of the new engineer's practice. 
For this reason it is essential that the 
engineering student become thoroughly 
conversant with computers during his 
university period. 

Because of the abstraction and ver- 
satility of computers, they can be made 
to simulate various mathematical pro- 
cesses, and are widely so used. To you 
engineers and mathematicians the use of 
a computer as a tool in applied mathe- 
matics is probably the most familiar of 
its uses, and it is certainly the use which 
has so far received the most research ef- 
fort. The use of computers in this way 
does a great deal to illuminate mathe- 
matics, especially for the student, and it 
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certainly helps to solve problems. But 
the analogous statement can be said for 
the use of computers in theoretical phys- 
ics, in composing music, in playing chess, 
in guiding air traffic, in controlling in- 
dustrial production, in forecasting the 
weather, and so on. In the long run, the 
importance of computers in the education 
of an engineer is the realization that 
such a variety of things are being done 
more or less well with computers today, 
and that computers will do far more for 
his own problems in future years. 

Now mathematics is also used in very 
many different areas of science. It is, 
therefore, generally agreed that mathe- 
matics should mostly be taught in one 
department by specialists, rather than 
separately all over the campus. This is 
especially true of the introductory 
courses. In the same way, the introduc- 
tory courses on computing should be 
taught in a unified fashion by computer 
experts. (In the first approximation, 
users of computers in different areas are 
very close to each other in point of view, 
vocabulary, and so on. There is a unified 
body of knowledge in computer use, and 
it is growing rapidly.) I consider it im- 
perative that all students of engineering 
(as well as natural science, social science, 
and mathematics) become intimately ac- 
quainted with computers, and that they 
do so during the first year of their uni- 
versity work. (I am happy to learn from 
CUPM literature that the first year of 
engineering education is rather “soft,” 
because I have plenty of material to put 
into it!) These courses must be taught 
by specialists, and must be laboratory 
courses. It doesn’t seem to matter 
whether you call this mathematics edu- 
cation or not, as far as the student is 
concerned, so long as they are taught by 
computer scientists of broad vision. The 
thing to avoid is to have such a course 
taught by someone who thinks it is just 
mathematics, or just engineering, or just 
business administration, or what have 
you. For then the student will miss the 
whole point of the power and generality 
of computers. (It is also my opinion that 
such courses will be developed more 
rapidly if they are staffed by individuals 
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not judged primarily by the standards of 
any existing academic department. ) 


4. Content of Introductory Course on 
Computers for Freshman Engineers 


I think of this tentatively as being a 
four semester-hour course, offered early 
in the student’s university curriculum, 
with no prerequisite except high school 
mathematics. On the other hand, it prob- 
ably should not be offered until at least 
one other course is ready to make use of 
computers. Only experience will say 
whether more than four semester hours 
are needed. I consider that the course 
should cover two areas, and that time 
and energy should be divided approxi- 
mately equally between them: 

(1) Stirring the student’s imagination 
as to the really significant possibilities of 
computers and their great versatility and 
power. The student must get an idea of 
what is meant by saying that a computer 
is not just a super slide-rule. 

(2) Teaching the student to use the 
university computing laboratory—its key 
punches, and other card equipment, and 
a simple automatic programming system 
on its automatic digital computer. This 
should be done as a lecture-plus-labor- 
tory course, with each student having 
plenty of time on the computer. 

As a syllabus for part (1), a principal 
source is Hamming.’ This syllabus is 
given below. I would myself try to cover 
fewer areas of application, and do each 
more slowly, since it is to be expected 
that the engineering students may ac 
tually use computers to do many of these 
things later. (Hamming was thinking 
more of a computer-appreciation course.) 
I would moreover try to introduce some 
of the applications as examples for the 
laboratory part of part (2) of the course. 
Since these are engineering students, | 
would also devote more attention to show- 
ing the students how computers can be 
built up step by step from abstract binary 
decision elements (and, or, and not ele 
ments) to adders and arithmetic units, 
etc. 

Besides (1) and (2), the course should 
achieve two collateral benefits: First, it 
should develop a few computing et 
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thusiasts who will later learn the field 
deeply and contribute to the university 
computing effort during their stay at the 
university. These should be discovered 
in the freshman year. Second, the course 
should help the students to understand 
some of the concepts being presented in 
the concurrent mathematics course. 

One of the points of views that the 
student should learn is that, because on 
modern computers input and output are 
relatively much slower than computation, 
it is vastly more efficient for a computer 
to regenerate information than to re- 
trieve it from its own library. As an ele- 
mentary example, one does not store 
tables of sin x in a computer; rather one 
computes sin x (approximately) when- 
ever it is needed. In a similar way, it is 
to be expected that computers will gene- 
rate integration formulas as needed, in- 
stead of storing a large collection of 
formulas. This fact is probably relevant 
to the proposals of storing university 
engineering libraries in computers for 
ready access. It may turn out to be more 
efficient to store only key principles, and 
to re-create the consequences as needed. 


‘Here is roughly what should be cov- 
ered in the practical part of the course: 


Machine representation of numbers 
(fixed point, floating point), of alpha- 
betic information, and other kinds of in- 
formation. 

The machine language of the computer 
available to the student—briefly. 

The fundamental ideas of the stored 
and dynamically modified program. This 
concept of the feedback loop is one of 
the leading ideas in modern technology. 

A symbolic assembly language of the 
computer—briefly. 

An algebraic language compiled by 
the computer, in detail. This is the lan- 
guage the student is expected to use 
henceforth. We find at Stanford that we 
can teach our version of the ALGOL 
language in 10 to 15 hours. 

A little idea of how the compiler ac- 
tually operates on the algebraic language 
to produce machine language code. 

Considerable student laboratory prac- 
tice in using the algebraic language to 
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solve a variety of problems requiring only 
high school background. For example: 

Adding 5 numbers. 

Adding 10,000 numbers. 

Sorting English words into alpha- 
betical order. 

Evaluating a polynomial of degree 
10; ditto, of degree n. 

Solving the general linear equation 
ax + b — 0, where a and b are 
arbitrary numbers. 

Generating the square root of x by 
an iterative process. 

Playing tic-tac-toe. 

Preparing a concordance to a brief 
passage. 

Finding the area of a plane figure 
by a Monte Carlo method. ‘ 

Writing a code to recognize the 
digits 0, 1, 2, ..., 9 from an 
optical scan. 

Simulating a queue waiting for serv- 
ice and experimentally determin- 
ing the optimal number of servers. 

Preparing a code to multiply and 
divide polynomials. 

Defining these problems in detail and 
finding other ones which are suitable are 
the most vital part of preparing this 
course. 


5. Should Students Push Buttons? 


In connection with the laboratory 
work on computers, one question recurs 
very often. Does a student need to learn 
to push buttons himself on a computer, 
or is it sufficient to program in some 
abstract system and get his output back 
later, without personally pushing the 
buttons? 

The answer on economic and educa- 
tional grounds is that the student must 
forego the button-pushing, and deal with 
the computer exactly as he must in later 
practice, through the intermediary of a 
coding and operating system. Inciden- 
tally, I have changed my mind on this 
as the computer revolution has pro- 
gressed. 

The issue is not one of pushing but- 
tons. The issue is how best shall man- 
machine teams operate—not one man- 
machine team, but hundreds and thou- 
sands of man-machine teams? Digital 
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computing time is far cheaper when 
money is consolidated into the one most 
expensive computer that a university can 
afford, together with plenty of “soft- 
ware” in the form of compilers and op- 


erating systems, and plenty of human. 


consultants. Moreover, only the large 
systems even have the capability of solv- 
ing the larger computing problems. Com- 
puters are vastly expensive to operate, 
and there is a great shortage of talent. 
No university can afford to splinter its 
resources in many separate computing 
centers. The effective benefits of separate 
computing centers can be achieved in 
another way—by supplying adequate 
communication lines from different points 
on the campus to the central computing 
center. 


The whole matter of personal struggle 
or cooperation with a machine can be 
achieved through programming systems. 
At Stanford 95 per cent of the programs 
are written in our ALGOL language, and 
most are checked and run in that lan- 
guage. The need to push a button is 
basically the need to ask a machine a 
question about a program, and questions 
can be asked and answered in the 
ALGOL language, as long as turn-around 
time is limited to a few hours. As long 
as the computing center has the money, 
the personnel, and the determination to 
provide good service, it can do it far 
more cheaply than any combination of 
separate facilities. And the student will 
learn far more about computing. 

Finally, if an occasional student really 
wants to go farther—to learn the opera- 
tion and design and maintenance of a 
computer—he can learn this himself by 
hanging around the central laboratory 
and later getting a job there. This con- 
nection is not appropriate for the ma- 
jority of students who pass through en- 
gineering school. 


6. Later Courses on Computing 


After the first year’s introduction to 
computers, I think applications had bet- 
ter be left to the various departments. 
These include much of a university, for 
in today’s technological world the com- 
puter is a major tool. Most, if not all 
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courses, in all scientific and engineering 
departments, should therefore be taught 
by faculty who themselves understand 
the abstraction and power of computers, 
They should, moreover, make clear to the 
students where computers are relevant 
to their course. 

As far as engineering students are con- 
cerned, there are now appearing studies 
about where computers can help engi- 
neering courses.* This is not my subject, 
nor is the use of computers in physics, 
chemistry, statistics, psychology, etc. I 
am to suggest what relevance computers 
have for the mathematical education of 
engineers. 

Before going to that, let me add that 
there should also be advanced courses 
specializing in the exploitation of com- 
puters taught by experts, and available 
to any who wish to specialize. However, 
for the most part these should be senior 
or graduate courses, since the student 
must learn much mathematics, logic, sta- 
tistics, and so on, before he is mature 
enough to comprehend the deeper prob- 
lems of the computer sciences. 


7. Computers and Teaching Basic Con- 
cepts of Analysis 


And now, what effect should the com- 
puter age have on the teaching of mathe- 
matics to engineers? Engineering students 
tend to be rather concrete-minded. A 
working model means more to them than 
an abstract concept. Although computers 
are inherently abstract, they can be pro- 
grammed to do rather concrete things. 
The very detail of a computer descrip- 
tion in microsyllables may help students 
to realize the meaning of difficult con- 
cepts like “function.” Consider the abso- 
lute-value function f: t> |t|. What is 
meant by the function f ? Well, how 
might one code the calculation of |t| ? 

Start: Clear accumulator and add t¢. 
2: If accumulator is positive, go 

to 5 (otherwise, go on). 
: Store accumulator in location 


tract u. 
: (Accumulator now contains 


|¢|.) 


3 

u. 
4: Clear accumulator and sub- 
5 
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The absolute-value function f may be 
thought of as being this block of code, 
with the symbol ¢ left out. The code is 
a working model of the function f. A flow 
chart would do just as well. It is difficult 
to confuse the block of code with the 
number that is left in the accumulator; 
the latter is the value f(t). 

Existing computers can furnish work- 
ing models of any concepts involving 
finite constructions. Naturally they cannot 
model derivative, integral, or real number. 
However, it is my opinion that students 
often fall down in learning these con- 
cepts of analysis because they haven't 
enough experience with finitely construct- 
able numbers. One has a much better 
feeling for the limit of a sequence of 
numbers, for example, if he has seen 
initial segments of many sequences of 
terminating decimal numbers that are 
(apparently) converging. 

Once a student is familiar with actual 
computers and flow charts, it is possible 
to extend the concept of a flow chart to 
an ideal flow chart in which an iterative 
loop is allowed to be passed an infinite 
number of times. Thus one can define 
the square root function g: t> \/t, for 
example, by the Newton process (writ- 
ten more or less in ALGOL). Assume 
0<t<oo. 

Start: y: = 0.5; 
2: 2:=y 
3: y: = 0.5 x (x + t/y); 
4: if yz then go to 2; 
(otherwise, go to exit) 
exit: f(t) : = y; 

These ideas have been exploited by 
A. J. Perlis and H. R. Van Zoeren at the 
Carnegie Institute of Technology, who 
are teaching such a course to freshmen. 
Perlis even introduces the logarithm 
function and proves its fundamental 
properties by means of a flow chart. 
Having tried to teach the logarithm as 
the integral of 1/x, I am ready to try 
the flow chart! 

In summary, computers offer models 
that are capable of extension to repre- 
sent most of the concepts of analysis. 
They may therefore be used to help ex- 
plain the concepts whose elaboration 


MATHEMATICS AND COMPUTERS 183 


forms most of the content of early col- 
lege mathematics. 


Basically, I suppose the difficulties that 
students have with abstract computing 
courses are the same as those they have 
with mathematics. Namely, they are con- 
fused by the very generality of the con- 
cepts of variable, function, recursive defi- 
nition and so on. Mathematics and com- 
puting courses should tend to reinforce 
each other, by introducing many of the 
same concepts in different settings. 


8. Theory Courses and Practice Courses 


Besides introducing concepts, mathe- 
matics courses are expected to teach en- 
gineers how actually to solve important 
classes of problems. Presumably the 
formulation of engineering problems in 
mathematical (abstract) form is the prov- 
ince of the engineering courses, but 
teaching techniques for their solution 
surely belongs to the mathematics de- 
partment. This means the teaching of 
algorithms for transforming the statement 
of a mathematical problem into a repre- 
sentation of its solution. 


It is here that computers enter the 
picture. At the present time automatic 
computers are the main tool with which 
algorithms are actually carried out. With 
the advent of algebraic languages and 
versatile monitor systems, it hardly ever 
pays to perform by hand or with a desk 
calculator any routine algorithm what- 
ever. Furthermore, each year the mean- 
ing of “routine” grows. At the present 
time one routinely refers to a computer 
the following types of problems: 

evaluation and tabulations of func- 
tion values, integrals, etc.; 
solution of linear and nonlinear al- 
gebraic equations; 
solution of ordinary and partial dif- 
ferential equations; 
solutions of functional equations; etc. 
Consequently the engineering schools 
have every right to expect that the mathe- 
matics department will teach its students 
how to do these things on computers, 
and that these techniques will be taught 
in the regular prescribed sequence of 
mathematics courses. 
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At the present time, computers are 
used rather concretely for these problems. 
For example, the human with a differen- 
tial equation selects the integration for- 
mula, and then asks the computer to 
carry out the integration with the se- 
lected formula. It is clear that in the 
future more and more of the selection of 
methods will be turned over to com- 
puters. There will be a slow but revolu- 
tionary progress in the uses of computers 
for the generation of algorithms based 
on appropriate specifications. 

Moreover, computers have great power 
in dealing with algebraic symbols. It may 
be expected, as Hamming points out for 
example, that computers will go through 
a substantial number of standard trans- 
formations, to find out whether a given 
differential equation can be reduced to 
one whose solutions are known in closed 
form, or are tabulated. 


The present tendency in mathematics 
courses is to split the theoretical study 
of a field from the practical solution of 
problems in it. Thus there are courses in 
differential equations in which theory is 
taught, perhaps augmented by some ele- 
mentary transformations and maybe a 
chapter on numerical methods (often 
archaic). Then in another course nu- 
merical methods will be treated—either 
as a special course like Mathematics 137 
at UCLA, or as a unit within a numerical 
analysis course for undergraduates. 


I believe that this separation of theory 
and practice is wrong, and that both the 
theory and the practice suffer from it. 
Certainly time is lost in the practical 
courses because some theory has to be 
retaught. Hull® has pointed out that ex- 
istence theorems in differential equations 
can be improved simply by introducing 
better numerical methods into the proofs. 
I therefore recommend merging the 
theory with the practice just as soon as 
teaching material can be written. And the 
first materials are appearing now. For ex- 
ample, Block and Ruoff* have written a 
differential equations book for engineers 
that starts with computer programming 
and later includes analog computers also. 
Throughout the book the reader is re- 
minded that he may be expected to ob- 
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tain either a computer solution or an 
analytical one. Similarly, linear algebra 
books are beginning to admit the exist 
ence of computers. 

The alternative to this merging of 
theory and practice is that the mathe. 
matics department will lose even more 
contact with the reality of the application 
of mathematics to engineering. 

Actually the gulf between theory and 
practice is probably less than you might 
think. The way of solving problems on a 
computer is often closer to the definition 
of a concept than to the constructs that 
have been built up in order to solve prob- 
lems by pencil and paper. Consider a 
problem that was brought to me recently 
by two physics graduate students. They 
wanted to integrate over a rectangle in 
the xy-plane four. well-behaved rational 
functions F of sin x, cos x, sin y, and 
cos y. These functions F had denomi- 
nators of sixth degree. The students had 
been working for weeks to reduce the 
rational functions to partial-fraction rep- 
resentations in terms of tan (x/2) and 
tan (y/2). They knew they would get 


about 100 separate integrals that could 


be evaluated in closed form. I believe 
everything they wanted could be ob- 
tained by evaluating the functions over 
a network of perhaps 100 points in the 
rectangle, and then applying the trape- 
zoidal rule in two dimensions. This 
could all be written in ALGOL in one 
short evening. 


Why hadn’t the students thought of 
doing this? I believe the answer is clear. 
They had learned the definition of a 
double integral as something remote and 
conceptual. Perhaps their instructors im- 
plied that one never actually used the 
definition in practice, but always went 
over to an iterated integral, and there 
had to transform the problem if possible, 
in the traditional fashion intended for 
analytical solution of simple functions. 
Numerical integration might be used if 
the integral could not be treated in any 
other way. 

It is also notable that in solving or 
dinary and partial differential equation 
problems, the equations solved on a com- 
puter are usually more fundamental 
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equations than those solved by analytical 
methods; the latter often are the result 
of ingenious special transformations. 

There are other places where pure 
mathematical theory and computer prac- 
tice come close together. Each has as 
its object the construction of universal 
mechanisms to solve large classes of 
problems, rather than the creation of 
bright tricks for the more efficient solu- 
tion of particular cases. Complete and 
rather formal descriptions of problems 
and algorithms and methods are needed 
for computing as well as for a theoretical 
structure. 

For many problems it is not nearly so 
important to create an efficient algorithm 
as to create one quickly and to make it 
general enough to avoid having to re- 
create it next time. 


9. Total Mathematics Course Require- 
ments 


I do not believe that the addition of 
contemporary practical methods to the 
various theory courses in mathematics 
can be done without an increase in the 
total mathematics load of engineering 
students. Some consolidation may be pos- 
sible from the tendency of theory and 
practice to be closer together in the com- 
puter age, and a little obsolete theory 
might be eliminated. Perhaps some en- 
gineering courses will be shortened with 
the availability of the computer as a tool 
(this has been reported in the Chemical 
Engineering curriculum at Michigan). 
Some gain will come from better prepara- 
tion in secondary school. But, in the end, 
as the technology grows more sophisti- 
cated, education must take longer. 

Can this be doubted? The question is 
what things to add, and what to elimi- 
nate. The things to add must be general, 
powerful tools, of which the automatic 
digital computer is one. The things to 
omit must be the very special ones. 


10. Computing in Various Mathematics 
Courses 
One may ask which computing topics 
should enter which mathematical courses. 
Some ideas are presented by Forsythe? 
and Tukey® and in the CUPM literature. 
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But I think the main thing is to give our 
mathematics instructors some interest in 
teaching engineering students and to give 
them a good foundation in what modern 
computers can do. At this point, they are 
likely to see for themselves where to 
bring the point of view into the courses. 

A great financial reward is surely wait- 
ing for the writer of good textbooks in 
these areas. I expect this to encourage 
textbook writers to bring the material 
into courses. 


It seems to me that perhaps students 
themselves may provide the incentive for 
instructors to learn about computing. 
Suppose every member of a freshman 
spring-semester course in calculus has 
had a good rousing computer course in 
the fall term. Will not the students ask 
why one should learn to do analysis by 
pencil and paper? Will they not question 
the value of a number of techniques now 
taught? What happens when they turn in 
graphing problems plotted on the com- 
puter? Will they not be better students 
for having a technique already available 
to them for solving many calculus prob- 
lems to engineering accuracy? Or will 
this hinder their learning the calculus? 


Take the matter of finding a relative 
minimum of a differentiable function. 
The important matter is that the mini- 
mum occurs at a zero of the derivative. 
This is a conceptual point of great ana- 
lytic importance. When it comes to find- 
ing the minimum of an actual function, 
it may or may not provide a useful way 
to proceed, depending on the function 
and on the tools at hand. I think most 
mathematicians realize this, or I hope so. 
But with calculus books written as they 
are, I wonder how the student of mathe- 
matics is supposed to learn this. Usually 
he is faced with a large number of cute 
functions which are all differentiable in 
tidy form, from which he is left with the 
natural conclusion that differentiation or 
other pencil-and-paper graphing is the 
practical way to deal with minimum 
problems. Why should it not be stressed 
that it is the concept that really matters, 
and not the practice? It seems to me that 
perhaps the student would be helped if 
he already knew how to use a computer 
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to approximate the minimum of those 
functions to reasonable accuracy. It 
might make clear to him the role of dif- 
ferential calculus as a microscope finer 
than a computer can ever be, to be used 
exactly when such a powerful tool is 
needed, and not for other purposes. 

I do not want to oversell the effect of 
computers on a calculus course. I feel 
that the calculus course may have less 
to profit from an awareness of com- 
puters than many of the technical courses 
an engineering student will take in his 
university career. The awareness should 
be there, of course, and this means each 
mathematics teacher must know some- 
thing about computing. And I believe 
computing can illuminate many concepts. 
But modern calculus courses tend to get 
away from technique and problem solv- 
ing, and emphasize concepts. And surely 
there is a limit to the role of computers 
at this point. 

Much more can be expected from 
computers in connection with differential 
equations. While there are important con- 
cepts here too, we are now building on 
the calculus background, and are closer 
to trying to help solve engineering pro- 
lems. At this point, computers enter more 
urgently, and there is very much to say. 

Linear algebra is another course where 
many concepts are introduced. It differs 
from calculus, however, in that there are 
very many practical problems whose 
complete solution should be ordinarily 
carried out on a computer. And I would 
suggest that the definition of the con- 
cepts of rank, determinant, dimension, 
null space, inverse matrix, etc., can and 
should be made in terms of the output 
of an algorithm with an ideal computer 
that doesn’t make round-off errors. With- 
out necessarily saying so, the algorithms 
should be those which are relatively 
stable when round-off errors are intro- 
duced. Thus, in pivotal condensation 
for solving a linear algebraic system one 
should search for the largest pivotal ele- 
ments in columns or rows, instead of 
merely avoiding zero pivots. 

It is true that computing involves a 
choice of basis, and that abstract linear 
algebraists would like to be independent 
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of bases. However, I'd rather introduce 
linear algebra with components, and only 
eliminate them later, preferably in later 
algebra courses. 

Whenever mathematical algorithms are 
performed on. a digital computer, the 
question of round-off error arises. This is 
a comparatively difficult subject to ana. 
lyze well, although in the past year an 
adequate and useful treatment of round- 
off in floating point operations has been 
given by Wilkinson.? I believe that any 
general treatment should be left to the 
specialists in graduate numerical analysis 
courses. However, instructors of all tech- 
nical subjects should show an awareness 
of the problems raised by catastrophic 
cancellation! 


11. Hamming’s Computer Appreciation 
Course 


The following is an outline of a 36 
hour computer appreciation course, taken 
by permission from Hamming. It was 
designed to cover a lot of ground fora 
broad class of liberal arts students. 


Lecture 1. History of Computing — per 

spective. 
Graphs on growth of comput- 
ing as an art as well as vol- 
ume of work done. Shows 
some perspective of the 
whole field. 

2. Hardware 
Typical machines, emphasis 
on imput and output, speed, 
reliability, and minimize de- 
tailed circuitry. 
Peripheral equipment 

3. Simple Coding Ideas 
Flow diagram 
Block diagram 
The necessity of giving full 
details is the one idea of the 
lecture. 
Perlis’ simple equations as an 
example of clarity resulting. 

4. Sorting and Ordering 
How to sort, collate, etc. 
Making concordances 
Study of writing styles 
Authorship: when written, 
etc. 
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10. 


11. 
12. 


13. 


14. 


15. 


MATHEMATICS AND COMPUTERS 


Necessity of a statistical ap- 
proach 

The power of a statistical 
approach 


. Statistics and Data Reduction 


What, how, and why 
Idea of a statistical test is 
the main idea of lecture. 


. Information Retrieval 


General problem 
Avoiding it when possible 
Methods proposed 
Encoding of information 


. Machine Translation — Rus- 


sian to English mainly 
History, some samples, meth- 
ods used, troubles, etc. 


. Language of Coding — cod- 


ing is a language 
Beginning of automatic cod- 
ing 


. Automatic Coding — chang- 


ing the language of com- 
munication to adapt it to 
human use 

Systems of Operation (moni- 
tor system principles) 
Necessity of a monitor sys- 
tem 

What it does for the user 
Linguistics Generally 

The Need and Role of Re- 
dundancy 

In machine 

In language 

Pattern Recognition 
Importance 

Wide range of examples 
General ideas 

Optical experiment 
Handwriting and Symbol 
Recognition 

Provides input to a machine 
—how recognition is done 
A.P.T.—machine tool con- 
trol 

An example of a language of 
description 

How tool works 

Economic gain by avoiding 
inventory 

Probable extensions of tech- 
nique 

Automatic factories 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


26. 
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Control in Strange Environ- 
ments—space travel 
Telemetering 

High temperature places 
Low duty cycle and low 
maintenance 

Inventory Problems 
Airlines reservations 

Airport control 

Chicago traffic control 
Defense against multiple at- 
tackers 

The Idea of “Random” — 
main idea of lecture 
Outguessing machines 
Monte Carlo technique 
Random number generation 
Games—(idea of a strategy 
is the main point) 

Checkers 

Chess 

Optimization techniques 
Machine-made Music—Crea- 
tive aspects of art 
Composing 

Simulating instruments 

New ways of looking at and 
testing old ideas 

Simulation of Experiments 
Machine simulation by an- 
other machine 

Acoustic research at B.T.L. 
Sampling theorem (lightly) 
Wide range of simulation and 
its advantages 

Behavioral Sciences 

Group interactions 
Evaluation of strategies 
Simulators 

Biological Sciences 

Nervous system model< and 
simulation 


. Medical Research 


Diagnosis 
Data reduction and pattern 
of symptoms 


. Boolean Algebra—Concepts 


and ideas of logic-law? 
Income tax 

Turing Machines—Idea of 
Original use to prove the- 
orems 

Self-reproducing machines 
Learning routines 


24 
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27. Mathematics — Mechaniza- 
tion of 
Algebra 
Differential and integral cal- 
culus 
Theorem proving in geom- 
etry—how done 
28. Education 
Teaching machines 
Educational implications 
29. Economic Aspects of Ma- 
chines, including 


Unemployment 
Shift in type of working pop- 
ulation 

30. Business Implications—more 
control 


31. Social Consequences 

32. Political Consequences — 
more control of population 

33. General Implications for Art 
and Science — meaning of 
creativity 

34. General Implications for En- 
gineering— 
New ways of looking at en- 
gineering 
New ways of doing engineer- 
in 

35-6. Examination periods 
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FORD GRANT TO CORNELL 


A grant of $4,350,000 has been made by the Ford Foundation to Cornell Uni 
versity to further strengthen graduate study and research in the College of Engineering, 
The grant will contribute toward the endowment of 11 professorships. It will also 
help provide substantial graduate fellowships and loan assistance, additional facilities 
for study and research, and will make other funds available for special purposes in the 


College of Engineering. 


The grant will cover a period of 10 to 15 years. While the funds, and additional 


support which the University will seek on a matching basis from its alumni and other 
friends, will be confined to the College of Engineering, they will have their effect 
across the entire Cornell campus, Deane W. Malott, president of the University, de 
clared in acknowledging the grant. 

“Looking forward toward its Centennial Year, 1965, Cornell is placing first em 
phasis in its planning on the scholar-teacher as the foundation of excellence. The Uni- 
versity welcomes this encouragement from the Ford Foundation and is seeking imme 
dately gifts of $3,300,000 to provide a permanent endowment for the new professor 
ships which will strengthen the graduate program at Cornell.” 
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The Future of Engineering Mathematics 
A Customer’s Viewpoint 


H. W. BODE 


Bell Telephone Laboratories 
Whippany, New Jersey 


The curriculum recommended by the 
CUPM panel suggests that the major 
topic should be calculus; that there 
should be at least some brushing contact 
with computing; that a course in linear 
algebra would be particularly useful; 
that there should be some probability 
and statistics; that there should be some 
dassical advanced calculus; and, if pos- 
sible, that there should be at least one 
rigorous mathematics course, which might 
be an introduction to the real variable. 
On the other hand, the panel suggests 
that the traditional subject of ordinary 
differential equations may be somewhat 
de-emphasized. This curriculum sounds 
good enough to me, provided there is 
room for all of it, and I will return to it 
from time to time as part of my general 
discussion. 

I speak simply as a representative of 
industry. Of course, the word “cus- 
tomer’s” in my title is supposed to signify 
this. However, there’ are other key words 
in the title, which are important because 
they suggest problem areas. One of these 
is the word “future.” It refers to the 
obvious fact that we are educating new 
engineers who will still be practicing 
their professions several decades from 
now. Clearly, to do this with effect, one 
should know what engineers and engi- 
neering some decades from now will be 
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the Committee on the Undergradu- 
ate Program in Mathematics of 
the Mathematical Association of 
America and ASEE’s Mathematics 
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like, but such a prediction is not easy 
to make. Obviously, modern engineering 
is going somewhere with great rapidity 
—but where? 

Another important word is the little 
word “a,”—because “a” is singular. I am, 
in other words, only one of many possible 
customers. My field of reference is elec- 
tronics, not engineering in general, and 
my experience within electronics has been 
exclusively with research and develop- 
ment activities. 

I introduce the point partly as a bit 
of escapism, but also partly because it 
underlines a second difficult problem, 
which confronts us as soon as we come 
to grips with the curriculum problem. 
This is the fact that engineering is really 
a broad field and there is no obvious a 
priori reason to believe that a single 
mathematics curriculum may be suited 
for all engineering students. I suspect 
that most of the people who have been 
planning mathematics curricula for en- 
gineers have been thinking in fact pri- 
marily of electronics R. & D., simply be- 
cause this is such a conspicuous—one 
might even say noisy—field today. How- 
ever, there are other fields of engineering 
and other kinds of engineers who have 
their claims also. We all recoil from the 
conception of a highly fragmented en- 
gineering. In most engineering schools, 
in fact, I believe that it is now stylish 
to have all the early work in an engineer- 
ing curriculum common, so that it doesn’t 
much matter whether a man is an elec- 
trical engineer, a mechanical engineer, 
or what not. However, it is not quite so 
clear how far one should try to carry 
such a program. Obviously, one cannot 
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dig deeply into these questions without 
raising again the question of what the 
engineers and engineering of the future 
will be like. 

Near the end of this talk I hope to 
say a little on this subject with particular 


reference to the relation between mathe- * 


matics and the unifying themes of en- 
gineering. For the most part, however, I 
will try to illuminate the questions I have 
raised in the last few minutes indirectly 
by citing relevant Bell Laboratories ex- 
perience. This will mean in particular a 
look at the kinds of engineers we try to re- 
cruit, the sorts of undergraduate training 
we look for in them, and the additional 
traming we try to provide after they 
come with us. 


Varieties of Engineers 


Let me turn first to the varieties of 
engineers. Since the Bell Laboratories is 
essentially an electrical company, our 
staple recruit is an electrical engineer. 
However, we do also employ quite a few 
mechanical engineers, perhaps a third or 
a fourth as many as electrical engineers 
—and we would like to have even more 
in proportion. 

The two kinds of engineers do differ 
significantly, of course, in background, 
interests, and aptitudes. For example, our 
electrical engineers usually have better 
mathematical preparation than do the 
mechanicals. However, in the long run 
I suspect that mechanical and electrical 
engineering will be a good deal alike. At 
the moment, electrical engineering is cer- 
tainly riding a high tide. It’s a very popu- 
lar subject and one finds that electrical 
engineering departments are growing 
everywhere, sometimes at the cost of 
other branches. However, one must re- 
member that years ago, electrical engi- 
neering budded off from mechanical en- 
gineeering, which was there earlier. Peo- 
ple then didn’t talk about inductance; 
they talked about electrical inertia. They 
didn’t talk about capacity; they talked 
about electrical springs; resistances were 
electrical viscosities, and so on. 

The mechanics antecedents of electrical 
engineering are still with us, and much 
of the fundamental theory is still the 
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same. In fact, the snake is biting its own 
tail, so to speak. Mechanical engineers 
are beginning to take over from electrical 
engineering some tools that electrical en- 
gineers, particularly communications en- 
gineers, have developed. The analysis of 
the shock excitation of beams and similar 
structures by the methods used in elec- 
trical engineering for transients is a good 
example. So also is the adaptation to me- 
chanical control systems of the methods 
developed originally for electrical feed- 
back systems. While the two fields may 
be kept apart as a matter of convenience 
(and we do in fact keep them apart in 
the Bell Laboratories’ so-called C.D.T. 
Program, which I will come to later), one 
feels that the basic mathematical founda- 
tions, and even to a large extent the 
basic physical foundations, in the two 
areas can logically be the same. 

We also recruit a scattering of men 
whose basic training is in other engineer- 
ing fields—aeronautical engineering, civil 
engineering, industrial engineering, en- 
gineering physics, and so on, but my ex 
perience does not allow me to say any- 
thing very definite about these fields. We 
recruit such men because of their per- 
sonal promise rather than their specific 
training, so that for our purposes they 
could as well as not have been given the 
same mathematics as an electrical en- 
gineer would have. 

Chemical engineering may deserve spe- 
cial attention simply because it is a very 
large field and one whose subject matter 
is so different from electrical engineering. 
(The importance of solid state electronics, 
and of elaborate chemical processing in 
the manufacture of solid state devices, 
may bring the two fields closer together 
in the future, but the principal impact 
of this is yet to come.) I note that the 
panel believes, nevertheless, that the two 
fields might require very similar mathe 
matics curricula. To quote: “It seems to 
me that linear algebra no doubt must be 
as important to chemical engineers as it 
is to electrical engineers.” Certainly 
chemical engineers need probability and 
statistics as much as electrical engineers, 
though perhaps for somewhat different 
reasons, and they probably have similar 
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interests in computing. But beyond that 
I can’t very well go. It might be interest- 
ing to review these questions by a team 
representing electronics and chemical en- 
gineering specifically, to see how much 
the two areas feel that they really do 
have in common. 


Differences in Curricula 


Another problem which I raised earlier 
has to do with the possible difference in 
curricula for engineers going into R. & D. 
work, such as we might recruit for the 
Laboratories, and those going into other 
engineering occupations. Within the Bell 
System, these other occypations are rep- 
resented by the engineers who go into 
the operating companies and into the 
manufacturing organization. These men 
are selected to less stringent require- 
ments academically than the ones who 
go into Laboratories’ work, and with per- 
haps greater attention to breadth. This 
divergence has not gone so far that there 
isn't a single community of interest and 
understanding of our technology, but it 
might go farther in the future. It is not 
easy to assure oneself that one recipe 
really solves both problems—particularly 
if R. & D. trends are in the direction 
that I believe they are taking. 


Thinking in this area needs to take 
account of the fact that R. & D. engineers 
nowadays very commonly extend their 
training substantially beyond the conven- 
tional four-year term. A fairly large frac- 
tion of such engineers go directly into 
graduate school, and continuation 
through some sort of employer-sponsored 
part-time graduate study plan after the 
engineer is on the job is probably still 
more common. In either case the gap 
between the R. & D. engineer and a man 
in other engineering occupations is ob- 
viously widened, and their relative at- 
titudes toward the purely undergraduate 
curriculum, which tends to become a 
foundation rather than an end in itself 
to the R. & D. man, are changed. 

The Laboratories’ principal undertak- 
ing in employer-sponsored graduate study 
is the so-called C.D.T. Program. I want 
to discuss it at some length, since it 
exemplifies many of the remarks I want 
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to make on the mathematics curriculum. 
For the moment, however, I would like 
to turn to my own single excursion into 
undergraduate curriculum making. 


There seems to be a merciful arrange- 
ment of nature which lets one block out 
completely from his conscious mind 
many juvenile mistakes and other trau- 
matic experiences. I had been working 
on this talk for quite a while before it 
came to me that in a sense it was ground 
I'd already traveled over, that, in fact, 
I'd actually written a paper on mathe- 
matical education for electrical engineers 
—written it in the thirties. It had 
dropped completely out of my mind, but 
the memory did come back, and I had 
the rather wry experience of looking the 
paper over a few days ago to see what 
I thought some 25 or so years ago. I 
won't tell you exactly when and where 
the paper appeared, as I still have my 
pride, but I think it would be helpful 
to quote a bit from it and discuss it. It 
illustrates what seems to me to be in the 
long run the core of the curriculum con- 
struction problem, whether one is deal- 
ing with the undergraduate curriculum 
or with something like a C.D.T. Pro- 
gram. 

The paper is in effect a plea to place 
the emphasis in engineering education 
on scientific fundamentals rather than on 
the mastery of detailed techniques. To 
quote some key sentences, “With tech- 
nological progress proceeding at such a 
rate the case for a specific training for 
immediate results becomes more and 
more doubtful. The engineer’s salvation 
must lie primarily in a fundamental 
scientific training, both because techno- 
logical advances are increasingly based 
on pure science and because without 
such training he cannot keep abreast of 
technical advances during his working 
lifetime. As applied to mathematics, this 
means that the engineer’s training should 
be as rich and diversified as possible. It 
should offer a ready gateway to any ad- 
ditional preparation which may be 
needed. In particular, it should empha- 
size general mathematical principles and 
methods of analysis rather than dexterity 
in a few specified fields.” 
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I doubt whether anyone nowadays, 
certainly anyone in this room, would 
challenge such sentiments, any more 
than he would challenge the sancity of 
motherhood or the American Way. I like 


to think that 25 years ago they were . 


more worth saying, although I doubt 
whether they came to my audience with 
the shock of real novelty even then. At 
any rate my present interest stems from 
the question how starting from such an 
unimpeachable general premise I man- 
aged to reach such a dubious particular 
conclusion. 

To begin with, the paper made the 
point that the engineering curriculum 
was already overstuffed, and that it was 
pretty hard to put anything more in it. 
Using the figure of speech of a small 
suitcase being packed for a long trip 
(i.e., a man’s career), it was hard to find 
enough to leave out in order to get the 
essentials in, especially when one didn’t 
know the ultimate destination of the 
trip. Of course, curricula always seem 
overstuffed, so that this is only to say 
that some problems are perennial. 


Then I made quite a number of other 
points. For example, I made the point 
that the engineers probably didn’t really 
need as much training in manipulation 
as they were given—that they didn’t do 
as many problems in their professional 
careers in several years as they did in a 
few months in college. Accuracy and 
knowledge were important, but great 
dexterity was not importaut. The funda- 
mental approach was certainly the one 
to be striven for. 

Then I spoke in glowing terms of the 
growing complexity of electrical engi- 
neering technology. I can quote some of 
this: “The day is past when an electrical 
engineer was a man who had some com- 
mon sense, and who knew that it takes 
two wires to make a complete circuit. 
There is now a vast and difficult tech- 
nique; moreover, technological develop- 
ment is still proceeding, and television 
and super power systems which are in 
the research laboratories today are the 
staples of tomorrow. To see how rapidly 
such a development may take place, and 
how sweeping the departures in techni- 


cal methods may be, we need merely 
review the history of radio.” 

The use of radio, by which I meant 
normal broadcast, as a yardstick of prog- 
ress, nearly knocked me off my chair 
when I re-read the paper, and it took 
me some time to remember how long 
ago I had written it. I had a similar dis. 
concerting experience in first reading 
Mark Twain’s A Connecticut Yankee in 
King Arthur’s Court. No doubt you te. 
member the story which concerns a very 
ingenious Connecticut Yankee who is 
transferred to King Arthur’s court by a 
miracle and turns medieval England 
topsy-turvy by the introduction of vari- 
ous nineteenth-century inventions. The 
plot involves a civil war, and the cii- 
mactic scene in the book is the rescue of 
the Yankee and the King by the Knights 
of the Round Table who arrive in time 
because they come on bicycles. When | 
read that it seemed curiously anticl- 
mactic after the big build-up which the 
author had attempted, and it took me 
some time to realize that the bicyck 
was really a technological high-water 
mark when Mark Twain wrote the story. 


After my pseudo-climax about radio, 
the paper goes on to make the plea for 
fundamental rather than specific train- 
ing which I read you earlier and then 
advances my own remedy. I'll quote it 
it won't take long. “My own recom 
mendation is that the entering freshman 
should be immediately introduced to a 
course in the theory and functions of 
complex variable substantially similar to 
that usually taught to seniors and first 
year graduate students. Naturally, his 
progress would be slower.” When I 1 
read that, I said to myself, “Well— 
naturally,” and fell to wondering how 
the entering freshman would in fact make 
out, and whether he would possibly 
progress fast enough to satisfy the mathe 
matical requirements of the rest of the 
curriculum. At the time the paper wa 
written, however, I was evidently prt 
pared to take such problems in stride. 


The paper proceeds to point out thit 
much of the mathematics normally pre 
sented in the early undergraduate yeals 
such as the description of the elemental) 
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transcendential functions, much analytic 
geometry and, of course, the calculus, can 
be worked into the framework of a 
course in function theory, frequently with 
considerable economy of logic. It is sug- 
gested that the treatment of the elemen- 
tary functions might be approached 
through the ideas of series expansion and 
convergence. This last suggestion might 
have some additional interest at the 
present time, as a possible gateway also 
to computational ideas. 

The principal argument I raised for 
this approach, however, was its partic- 
ular appropriateness for electrical en- 
gineering. I pointed out that in a sense 
electrical engineering theory was just an 
exercise in the complex variable. Trigono- 
metric and complex exponential functions 
are commonplace. Design theories in- 
volving such things as applications of the 
maxinum modulus theorem, bilinear 
transformation of circles into circles, and 
things of that sort just drop out of the 
complex variable, whereas in the existing 
treatment they had to be ground out 
painfully in one special case after an- 
other. And I pointed out also that Fourier 
analysis, both series and integral, was a 
necessary basis of any communication 
theory, and this was an easy way to 
get at it. 


This still sounds persuasive to me, and, 
of course, the approach is fundamental 
enough. Nevertheless, I felt certain as 
I re-read the paper that I could no longer 
endorse such an idea, and after a little 
thought I was able to isolate the reason. 
It is because the approach was a funda- 
mental one but only for a certain brand 
of electrical engineering. It is well 
adapted to a certain class of lumped 
constant circuit problems which were 
very prominent at the time, but it is less 
appropriate for some other aspects of 
electrical engineering which are con- 
spicuous in the present day. 

Perhaps the most astonishing lack is 
the absence of any consideration of wave 
propagation in continuous media. I had 
forgotten that electrical engineering is 
not always confined to wires. This is the 
more surprising because much of the 
work which led a few years later to the 
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microwave revolution was going on 
around me at the time. Of course, an 
initial effort in function theory does not 
by any means foreclose later work in 
partial differential equations and bound- 
ary value problems, but it is hardly the 
most direct path either. 

The next obvious omission is the lack 
of any specific consideration of the math- 
ematics necessary to support subsequent 
courses in physics. Solid-state physics, 
in particular, is now so important to 
electrical engineering that any really 
fundamental approach to the electrical 
engineering curriculum would surely give 
consideration to the extent to which one 
might hope to give the engineer an un- 
derstanding of the basic science under- 
lying the new devices. The quantum- 
mechanical revolution which led to the 
new solid state field was well established 
when I wrote my paper, and some basic 
work in the solid state was already going 
on, but the fact that it might have event- 
ual implications for electrical engineering 
was not obvious. At least, I didn’t see 
them. 


From the point of view of overall 
electrical engineering theory, the final 
lack is the most serious of all, although 
it probably would have been even more 
difficult to forecast. This is the absence 
of any sort of groundwork suitable for 
the digital revolution which was shortly 
to overtake electrical engineering. By 
“digital” I am, of course, referring to 
anything, such as pulse transmission, 
signalling codes, switching, or digital 
computers, which is based essentially on 
the consideration of discrete states. A 
“fundamental” approach to these matters 
might involve such things as parts of 
abstract algebra and logic, combinatorics, 
and possibly some of the classic demon- 
strations in Cantor’s theory of sets. An 
approach simply through complex func- 
tion theory, with its extreme emphasis on 
continuity and good analytic behaviour, 
leans as far as possible the other way. 
The revolution which was to come would 
have caught anyone trained strictly in the 
way- I recommended flat-footed. Per- 
haps it is as well that I didn’t make any 
converts. 
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The moral I am trying to draw from 
all this is that it is not enough merely to 
reject a specific, trades-school type of 
engineering education in favor of a more 
fundamental approach rooted in the basic 
sciences. One has still to identify the 
probable long-term trends in his area of 
engineering in order to decide just which 
fundamental approach he should take. 
This is clearly a very difficult problem, 
particularly if one recognizes that even 
in the basic sciences themselves the ac- 
cepted “fundamentals” may change with 
time. However, by thinking of the prob- 
lem in these terms, particularly with the 
help of the perspective afforded by the 
logical structure of the basic sciences 
themselves, we are clearly doing the best 
we can. 


C.D.T. Program 


These general remarks evidently apply 
to the graduate as well as the under- 
graduate curriculum. To illustrate them, 
I would like to turn to the Laboratories’ 
so-called C.D.T. Program, which I men- 
tioned earlier. The C.D.T. Program was 
not formulated in terms of this specific 
outlook, so that the illustration is by no 
means perfect, but it nevertheless shows 
the interplay of many of the factors I 
have mentioned. Of course, it also gives 
some specific indications of the sort of 
curriculum content we would now think 
desirable. 

The history of the program is as fol- 
lows: Shortly after the war, Bell Labora- 
tories decided that a four-year education 
in engineering was not quite enough of 
a springboard for the people that we 
then wanted to recruit—that the recruits 
needed a running start in more advanced 
technology. We, therefore, instituted 
what we called a Communications De- 
velopment Training Program, the C.D.T. 
Program. It had a somewhat mixed career 
thereafter. 

We began by teaching the program 
ourselves, with emphasis on rather spe- 
cialized material. In other words, we 


were concerned primarily with technol- 
ogies which we practiced ourselves but 
which hadn’t found their way into uni- 
versities either because they were new 
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or, more usually, because of their spe. 
cialized nature. The texts turned out to 
be a tremendous mass of material, be- 
cause the authors were all very enthusi- 
astic about their specialties and wrote 
and wrote and wrote. The poor devils 
who had to take the work were really 
snowed under. But they stood up to it 
manfully, and, I suppose, learned some- 
thing. At least they survived, and most 
of them have done very well with us 
since. 


This, of course, was an example of the 
specific type of engineering education 
about which I had been so disparaging 
in my earlier paper. However, there is 
no logical inconsistency here. One of the 
principal points in my paper had been 
that major industrial employers, at least, 
could be relied on to teach their own 
specific technologies, if necessary, but 
that an opportunity once lost to teach the 
fundamentals in the proper way was gone 
forever. Nevertheless, the Laboratories 
decided after a few years’ experience 
that we were mistaken, even in our own 
framework, in giving quite so much em- 
phasis to specific technology. We there- 
fore reoriented the program much more 
toward physics and mathematics. There 
was still specialized material, but the 
emphasis on a more fundamental ap- 
proach was clear. 


We taught this also ourselves for a 
few years, until the job became too 
burdensome, and we enlisted the help of 
New York University to teach first a few 
courses, and then more. At the present 
time, they have a branch in our own 
quarters in New Jersey, and teach most 
of the material. Since our original retum 
to a more fundamental orientation, there 
has been a steady, if gradual, further 
evolution of the curriculum, partly to ac 
commodate N.Y.U.’s ideas of the course 
structure they were prepared to support 
and partly to reflect our own developing 
understanding of the probable future o 
communications engineering. I hope that 
a brief account of the present state of the 
program will be interesting to you. 4s 
you will see, the program has had 4 
history of evolution and thus represents 
on a sort of trial-and-error basis, ow 
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opinion of what the engineers we hire 
ought to have been taught that they don’t 
normally get. 

The complete course is done on the 
company’s time, and at full salary. It 
takes up three days a week for one year; 
two days a week for the next year; and 
one day a week for the third year, so 
that all told it is fairly ambitious. The 
total instruction amounts to 52 semester 
hours, according to normal bookkeeping. 
Of this, 36 to 42 hours are taught by 
New York University, and academic 
credit is received for them. Thirty-six 
points is New York University’s minimum 
for a master’s degree, and the courses 
are so selected that a master’s degree is 
the norma‘ outcome. The remaining 10 
to 16 points represent special technol- 
ogies which we teach ourselves. I think 
they are comparable in level of dif- 
ficulty to the rest of the work. As a 
matter of fact, we usually teach them 
after N.Y.U. finishes and rely on the 
foundation which has been laid by 
N.Y.U. for these courses. 


I don’t, unfortunately, have here the 
announcement of the complete program, 
but Table 1 shows the courses which are 
probably of most interest to you. As 
in any university, there is a distinction 
between the 100 series courses, at the 
beginning graduate level, and the 200 
courses, which are supposed to be at a 
more advanced level. The course titles 
are New York University’s own and may 
require a little explanation. 


TABLE 1 


E. E. PROGRAM 
Math B76-B86— 
Advanced Calculus (no credits ) 
Math 207E— 
Functions of a Real Variable 
Math 208E— 


Functions of a Complex Variable 
Math 131E— 


Probability and Statistics in Engineering 
Math — 


Time Series 
Phys 10LE— 
Introduction to Theoretical Physics 
E 274 


Logic and Switching 


The first item, Mathematics B76 and 
B86, is not taucht for credit. It repre- 
sents about a third-year undergraduate 
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level mathematics course assumed as a 
prerequisite for the graduate level work 
of the program proper. It is taught as a 
make-up short course in the summer pre- 
ceding this program for the benefit of 
those of our recruits who need it. I might 
mention in passing that there are two 
other deficiencies in undergradute prepa- 
ration which occur often enough to re- 
quire similar make-up short courses 
before the main program begins. One is 
in simple electric circuit theory. This 
deficiency would hardly exist if all our 
recruits were electrical engineers. Some 
of them, however, come from other areas 
such as physics which may leave them 
with a good enough primary background, 
but with some particular deficiencies for 
graduate engineering work. In general, 
we welcome such recruits. The other 
principal make-up course is in elementary 
microwave theory, which is postulated for 
the rest of the program but which turns 
out not to be in all undergraduate cur- 
ricula. You will recall the remarks I 
made on this subject in reviewing the 
deficiencies of my own foray in cur- 
riculum making. 


Listed on the remaining lines of Table 
1 are the graduate level courses which 
are essentially mathematics, by content 
if not by title. Most of them, however, 
are taught in the college of engineering 
(the letter E is supposed to signify this), 
rather than in the college of arts and 
sciences, and reflect a corresponding dif- 
ference in emphasis. Thus Mathematics 
207E, “Functions of a Real Variable,” 
is much less rigorous and much closer to 
a sort of advanced calculus course than 
it would be in a pure mathematics se- 
quence. The title of Physics 101E, “In- 
troduction to Theoretical Physics,” is a 
similar misnomer. It actually stands for 
a course primarily directed to vibrations 
and waves and similar boundary value 
problems. On the other hand, Mathe- 
matics 208E is a pretty straightforward 
complex variable course. It reflects our 
conviction that for the classical parts of 
electrical engineering, at least, this is the 
most fundamental mathematics. 


Mathematics 131E, “Probability and 
Statistics in Engineering,” is introduced 


ae 
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for the same broad reasons which moti- 
vated the CUPM panel to suggest trying 
to bring at least some probability and 
statistics in at the undergraduate level. 
It is key material for many engineering 
situations. (I might add, in passing, that 
I also advocated it, in addition to the 
complex variable, in the paper I quoted 
earlier.) Mathematics 131E also serves 
as the first part of a two-course sequence, 
the second member being Mathematics 
224K, “Time Series.” Those of you who 
know modern communication theory will 
recognize, of course, that the time series 
work is directly preparatory to signal 
analysis and information theory. Infor- 
mation theory proper we still teach our- 
selves as one of the special technologies 
in the third year. I might say as an 
interesting sidelight that engineers who 
don’t understand probability sure don't. 
The probability and statistics sequence is 
usually either the easiest or the hardest 
part of the program, depending on the 
student. 

The final course, EE274, “Logic and 
Switching,” is a general introduction to 
what I referred to earlier as the “digital” 
field. It is supposed to provide a foun- 
dation for the analysis of discrete circuits 
and discrete operations, whether used in 
switching, computers, signalling or what 
not. 

The courses listed in Table 1 repre- 
sent about half of the work which the 
typical C.D.T. student takes in N.Y.U.’s 
part of the C.D.T. Program. The remain- 
ing half includes one or two courses in 
physics, because of the importance of 
solid state physics to modern electrical 
engineering. The rest of the curriculum 
is in electrical engineering proper. It 
includes work in such fields as linear 
circuit theory, amplifier design, control 
systems, advanced microwave theory, 
transient analysis, and so on. The list 
of courses is fairly large because this 
part of the C.D.T. Program admits a 
number of options. Whichever option is 
taken, however, the work tends to be 
heavy, with a very strong theoretical 
flavor. 

In addition to this main program for 
electrical engineers we have two alterna- 
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tive programs (which turn out to be very 
similar to one another) for recruits in 
mechanical engineering and engineering 
mechanics. About one-quarter of the 
entering students take one or another of 
these alternatives. The programs are on 
a somewhat lower level, mathematically, 
than the one the electrical engineers get. 
I have summarized the essential theo- 
retical courses in Table 2. You will iden- 
tify several of them from the E.E. se- 


quence. 


M.E. & E.M. PROGRAM 

Math 105E-106E— 

Mathematics for Engineers 
Math 131E— 

Probability and Statistics in Engineering 

274— 

Logic and Switching 
Phys 101E— 

Introduction to Theoretical Physics 
EM 206— 

Theoretical Mechanics 

We are also experimenting with still 

other options which are intended to suit 
smaller numbers of people. The most 
interesting of these, for the purposes of 
this meeting, is the applied mathematics 
program, shown by Table 3. You will 
note that these are not “E” courses. In 
other words they are taught in the regular 
mathematics framework and are “purer” 
and perhaps heavier than counterpart 
courses in the engineering framework. 
The program normally leads to an M.A. 
in mathematics. 


TABLE 3 
APPLIED MATHEMATICS PROGRAM 
Math 245-6— 
of Functions of a Complex Vati- 
able 
Math 217-8— 
Introduction to Probability-Statistical 
Inference 
EE 274— 
Logic and Switching 

Five approved math. electives from 
M105-6, Numerical Methods; M107-8, Math 
ematical Machines; M111, 212, Linear 
gebra; M213-4, Algebra; M243-4, Real Varia 
bles; M247-8, Ordinary Differential Equa 
tions; M279-80, Methods of Mathematical 
Physics; M224E, Time Series; M291, Lineat 
Programming. 

Where do the C.D.T. graduates go it 
our work? A few of them go into 
search, but on the whole the researth 
area is peopled with Ph.D.’s in one d 
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the sciences. The usual destination of a 
C.D.T. graduate is one of our develop- 
ment areas. In telephone work this may 
include wire transmission and switching, 
radio transmission, component develop- 
ment, telephone instruments and outside 
plant. In each of these areas one is 
confronted by a spectrum of technologies, 
from the oldest and best-established arts 
to the most modern. The C.D.T. gradu- 
ate may also go into one of our military 
development areas, where the subject 
matter may include data processing sys- 
tems, radars, and a variety of special 
purpose sensing and communication de- 
vices. 

We also do quite a bit of systems 
analysis, for both telephone and military 
work, and must rely in part on the C.D.T. 
program to staff this work also. These 
are probably the most difficult areas to 
fil properly. Systems analysis takes 
people with a certain versatility and a 
certain breadth of interest and knowl- 
edge, and it’s rather difficult to get them. 
Engineers seem on the whole to be a 
little more specialized in their interests, 
as perhaps they should be. However, by 
proper selection and by relying rather 
heavily on the slightly “off-beat” pro- 
grams, such as the applied mathematics 
sequence, we are able to make out. 

We are still tinkering with the pro- 
gram; there are still some difficulties. One 
is the heterogeneity of the input. The 
graduates of the various engineering 
schools in the country differ far more in 
what they actually know than a casual 
persual of academic announcements 
would lead one to expect. Another factor 
which bothers us a good deal is the con- 
verse of this—it’s the homogeneity of the 
output. Too many of our engineers are 
now put through what seems to be the 
same mill. One wonders if an R. & D. 
organization with a little more variety 
wouldn’t really be better. This is one 
of the reasons underlying our efforts to 
introduce more options into the program. 
Another problem is that of choosing the 
best point of balance in the eternal see- 
saw between training in specific tech- 
nologies, albeit at an advanced level, 
and a more fundamental approach. As 
we introduce more optional sequences 
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we also tend in the long run to give more 
weight to specifics. 

Nevertheless, we are quite well satis- 
fied with the C.D.T. Program, on the 
whole. There is no doubt that our new 
recruits who have pursued this sort of 
education are much more capable on 
the average than the engineers whom we 
recruited in the past. They are better 
prepared for the problems we really need 
them for. They can dig more deeply 
and begin to play a responsible technical 
role more quickly. 

The actual content of the curriculum 
is, of course, responsible in part for this 
increase in effectiveness, but some of the 
reasons are indirect. For example, since 
we know what’s before the men, we can 
double-check their undergraduate records 
to determine whether they are likely to 
survive the program. In principle, this 
doesn’t change our recruiting standards, 
but in practice I suspect that it makes us 
more discriminating. Another factor 
which is quite important is that the men 
tend to take themselves more seriously 
than they otherwise might. The existence 
of the C.D.T. Program shows how im- 
portant we regard the men’s careers to 
be, and they tend to set higher standards 
for themselves accordingly. 

This brings me to my final point. At 
one time incoming engineering recruits, 
whether for the Laboratories or elsewhere 
in industry, were treated pretty casually. 
The newcomer was usually assigned 
directly to some work group and ex- 
pected to make any further gains in 
competence by a haphazard informal ap- 
prenticeship. The fact that we can no 
longer treat new engineers so casually is 
simply one reflection of a general up- 
grading of the engineering profession 
which appears to be one of the con- 
spicuous trends of our times. The en- 
gineer is worth more, his salary level is 
higher, and, as the C.D.T. Program sug- 
gests, the expected standard of formal 
academic preparation is also going up. 

This can be stated in another way. An 
R. & D. engineer at the present time is 
fenced in between two kinds of people. 
On fhe one side is the Ph.D. in science 
whom we all recognize. On the other 
side is a man you may not have thought 
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so much about. He is the product of a 
technical institute, a subprofessional, the 
technical or engineering aide. The Lab- 
oratories actually employ each year almost 
as many graduates of technical institutes 
in this engineering-aide capacity as we 


do full-fledged engineers who go through” 


the C.D.T. Program. 

The number of technical institutes is 
growing. They grew very fast after the 
war under the G.I. Bill. The standards 
are also improving, and may surprise 
you. Our neighbor, the R.C.A. Institute, 
is a good illustration. We employ several 
dozen of their graduates as technical 
aides every year. They offer courses on 
various levels, lasting from one year up. 
Their fundamental electronics technology 
program, with which we are particularly 
concerned, lasts 27 months, or about 3 
academic years, when pursued on a full- 
time basis. The content of the program 
does indeed seem to be almost equivalent 
to three academic years’ work, as that 
might be understood in an engineering 
school, but the distribution is a bit lop- 
sided. The course is about 60 per cent 
electricity, 30 odd per cent mathematics 
and science, 4 per cent English and tech- 
nical writing and 2 per cent everything 
else. 

Table 4 lists the mathematics courses 
which are given in the electronics pro- 
gram. The first items, M-11, M-12, and 
M-13, are reviews of secondary school 
algebra, geometry and trigonometry and 
thus are in a certain sense “non-credit,” 
but the remaining items seem to be at 
college level. Thus the calculus sequence 
is said to include plane and solid analytic 
geometry, differential and integral cal- 
culus, and some further topics, such as 
complex algebra, hyperbolic functions, 
and elements of differential equations, of 
particular interest in electrical engineer- 
ing. 

TABLE 4 
RCA INSTITUTE 


M-11, M-12, M-13— 
Review of Algebra, Geometry, Trigo- 
nometry 
M-21— 
Advanced Algebra 
M-22, M-31, M-41, M-51— 
Calculus I, II, III, IV 
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Even if some of this work is not very 
thorough, it still represents a mathemat. 
ical coverage about as extensive as a well- 
trained electrical engineer might have 
had a generation or so ago. It is thus 
substantial, in a sense. If we assume that 
a similar statement might be made in 
other technical areas, it means that well- 
trained technical aides are qualified for 
many of the jobs that were actually filled 
by graduate engineers in those days. To 
compete successfully the graduate en- 
gineer must shift to higher ground. He 
needs to be closer to the Ph.D. and not 
so close to the well-trained technical 
aide, or the old-fashioned engineer. This 
is what we are trying to manage in ou 
C.D.T. Program. 


Conclusion 

What is engineering coming to? This 
is a question I raised earlier in the paper, 
and tried to point out that it needed 
answering before one could plan an en- 
gineering curriculum with real assurance. 
It is not a question I feel capable of 
answering very adequately, but perhaps 
a few genera] comments may not be 
amiss. 

In the first place, engineering is cer 
tainly coming to be a more substantia 
profession than ever before. World 
forces—the competition of the cold war, 
the problems of the undeveloped cour 
tries, the general pace of scientific ani 
technical advance — are all tending to 
bring engineering up. The things I have 
touched on—the lengthening of profes 
sional education for R. & D. engineers to 
five or six years, the shift from specif 
courses capable of immediate applicatio 
to more fundamentat courses, the growth 
of a sub-professional group capable 
doing many of the things engineers used 
to do—are all indications of this trend. 

In the second place, engineering # 
more closely tied to pure science thani 
ever was before. It is a platitude today 
that there is a scientific revolution in ow 
times. It is not so generally realized tha 
this also means an engineering revolution 
because the engineer is the man 
makes something of scientific advance 
So engineering is as important as scientili 
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progress. Thus it is often said that a 
missile launching is either a scientific suc- 
cess or an engineering failure. In fact, as 
Keith Glennan used to say over and over 
when he was head of N.A.S.A., it’s all 
engineering. Perhaps the instrumentation 
in a space probe can be called science 
but the rest is just an engineering exer- 
cise. What is really distinctive about our 
age is the fact that we have become so 
aware of the practical values in scientific 
knowledge. Thus, organized engineering 
effort tends to tread immediately on the 
heels of any scientific advance, whether 
in electronics, chemistry, aeronautics, or 
what not. 

The engineer must, then, do the job 
of making scientific advances work. In 
the long run, he is a designer. He is the 
man who puts things together into a 
pattern. He is in that sense a creator, 
rather than an analyst. This is very ob- 
vious in electronics, where a single sys- 
tem may contain thousands and perhaps 
millions of very small parts which are all 
put together in a pattern to serve some 
common purpose, as deliberately as bricks 
are put together to make a building. 

The guiding ideas in such a creation 
are necessarily theoretical. The bricks 
which the electronics designer uses are 
bricks which are theoretically convenient. 
In other words, the devices and elements 
which the engineer uses are those with 
simple enough mathematical properties 
to be readily understood, alone or in 
combination with others. Similarly, the 
over-all pattern must have logical regu- 
larities which make it capable of analysis. 
The theoretical structure in the long run 
precedes the rest of the design and gives 
the engineer (who may not always realize 
it) his ideas. 

So, the engineer must understand his 
field basically through its theoretical 
structure, and he must somehow have a 
perspective on technical advance. He is 
not necessarily a research-minded man, 
but he must be able to grasp the implica- 
tions of scientific advance for his area. 
He must know how to learn new things 
when he needs them, since we can’t 
teach him everything at once. He must 
understand planning to undertake design 
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work at all, and he must understand 
abstraction to undertake design work of 
great scope or difficulty. Actual situations 
are usually too complicated to be readily 
understood in terms of their exact struc- 
ture. They need to be simplified, to be 
abstracted, in other words. One must 
make a mathematical model which can 
be played with, which can be explored 
by analysis or computation. Finally, of 
course, one must establish that the simpli- 
fications which were made are not criti- 
cal. This sort of process may go on quite 
casually in simple situations, or quite 
formally, as in complex electronic sys- 
tems, but in one way or another it lies 
at the heart of the design process. 


What does this mean for the math- 
ematics of engineering? It obviously 
means a great deal, if only because an 
approach to engineering through its basic 
theoretical structure necessarily requires 
a substantial mathematical preparation. 
However, in stressing the nature of the 
design process, especially for complex 
systems, I was trying to imply more than 
this. I used the words “mathematical 
model” and “abstraction” deliberately, 
because the process is something like the 
one a mathematician follows in building 
a logical edifice. He finds a set of rela- 
tions he can work with, sets them up, and 
sees what happens. In particular, it is 
like the work of an applied mathematician 
who, like an engineer and unlike a pure 
mathematician, must go through the final 
step of establishing an adequate corres- 
pondence with the real world. In a sense, 
of course, the same pattern is followed 
by exploratory thinking in any field, but 
it seems to find its most natural em- 
bodiment in mathematics. 


As engineering becomes more complex 
and at the same time accelerates its 
progress, it is inevitable that emphasis 
must shift more and more toward formal 
intellectual tools adapted to the explora- 
tion of new situations and away from 
concrete subject matter and particular 
established techniques. This makes math- 
ematics more and more a natural focus 
for the engineering curriculum; I hope 
that the members of the mathematics 
fraternity will accept the challenge. 
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Analysis, Synthesis, and Optimization in a 
Design Oriented Curriculum 
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Five years ago the U.C.L.A. Depart- 
ment of Engineering began a comprehen- 
sive study of engineering and engineering 
education. A year ago the program was 
accelerated by a $1,200,000 five-year 
grant from the Ford Foundation. Since 
we are in the midst of a continuing pro- 
gram, this article on the analytical con- 
tent of the U.C.L.A. unified engineering 
curriculum must be taken out of the con- 
text of an extensive experiment in engi- 
neering education. Also, it must be con- 
sidered as a progress report on a curricu- 
lum which can be expected to change 
considerably in the next four years. Al- 
though the account of our activities to 
date is intended to be quite factual, the 
reader should realize that the future de- 
tails of the program will be decided by 
our staff. Therefore the conclusions and 
projections noted here do not necessarily 
represent the views of the University of 
California Regents, the U.C.L.A. Depart- 
ment of Engineering, or perhaps any staff 
member other than the author. 

Before reviewing our past and present 
experiments with the content of our un- 
dergraduate curriculum, several remarks 
describing the background of the pro- 
gram are in order. The U.C.L.A. Depart- 
ment of Engineering under the direction 
of Dean Boelter offers a single, unified, 
140 unit undergraduate curriculum. Of 
the 140 units, there are 18 to 21 units of 


Published through cooperation of 
the Committee on the Undergrad- 
uate Program in Mathematics of the 
Mathematical Association of Amer- 
ica and ASEE’s Mathematics Di- 
vision. 


technical electives. The department is 
also unified, i.e., not divided into the con. 
ventional branches, civil, mechanical, 
electrical, etc. Without the barriers of 
traditional departmentalization it offes 
unusual opportunity for inter-disciplinary 
activities. 

In order to get on with the curriculum 
undertaking our staff has had to answer 
a number of questions. These have con- 
cerned the need for change, the alterna 
tives open, and the manner in which new 
material was to be selected and old mate 
rial discarded. The need for the currict- 
lum development is believed to lie in the 
exponentially increasing fund of technic 
knowledge. For many years the facil- 
ties for organizing and _interrelating 
knowledge have been falling behind ow 
ability to generate new information. Fur 
thermore, a haphazard addition of course 
to the existing curriculum or a fifth yea 
of study does not present an appealing o 
practical answer to the dilemma of th 
undergraduate engineering curriculum 
In what can be considered an act of faith 
our staff has concluded that new cum 
cular material can and must be into 
duced either by effecting economies i 
the organization of existing material 
by the elimination of old subject matter 
that is not as useful as the new.! As @ 
aid to course-content decision-making 
three selection criteria have 
adopted; these are: 

1. Relevance to Engineering 

2. Generality 

3. Articulation 

* We have been encouraged by the effatti 
of Dartmouth’s Professor Kemeny in # 
direction. 
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As a further guide for course organi- 
ztion, the staff has decided that, 
“Courses should be organized in ac- 
cordance with the unification provided by 
the supporting sciences and mathematics. 
The engineering curriculum should em- 
phasize concepts which will be of value 
long after graduation.” 

An engineering education is believed 
to be built upon the three foundations of 
engineering, humanities, and science. The 
U.C.L.A. Engineering Department con- 
siders design to be the essence of engi- 
neering. Our present studies concern the 
seven-year engineering program ending 
at the doctorate. In this program through- 
out the seven years, emphasis is to be 
placed upon engineering design, includ- 
ing graduate research on design and the 
design process. Although many of the 
aspects of the undergraduate program 
have yet to be explored, it seems reason- 
able to consider that it will unfold the 
design process to the student. His under- 
graduate design experiences will be given 
him through the design of components 
and subsystems.2 At the graduate level 
his design tools will be sharpened with 
a substantial portion of the doctoral can- 
didates expected to concentrate on the 
problems of large-scale systems design. 


Present Curriculum 


These days, change is the norm for en- 
gineering curricula. We regard our exist- 
ing undergraduate courses in mathematics 
and engineering analysis and synthesis as 
representing an interim phase of develop- 
ment. Five semesters of mathematics 
(given by the mathematics department) 
are required. These begin with five units 
of calculus with analytical geometry. The 
remaining four semesters each contain 
three units. The fourth semester intro- 
duces ordinary differential equations in- 
cluding the Laplace Transform. The fifth 
semester is devoted entirely to functions 
of several variables (including Lagrange 


imultipliers), vectors, and vector field 


theory. 


B ‘We recognize that the words “compo- 

tent,” “subsystem,” “large scale system,” are 
oly relative and do not convey a precise 
meaning, 
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The relationships among engineering 
analysis, synthesis and optimization and 
their supporting mathematics are always 
interesting. The problem of engineering 
education in this area can be understood 
by considering the circumstances that the 
practicing engineer will meet. He never 
analyzes in its entirety any physical 
entity no matter how simple, for in fact, 
no system is in reality truly simple. In- 
stead he discards what he hopes are the 
less essential elements of his system until 
he has reduced it to a model that he can 
represent in words, graphs, symbols or 
figures. He further continues to simplify 
the system until he has brought it to a 
state where his analytical tools will en- 
able him to manipulate the model to give 
answers to the problem before him. The 
engineer of necessity will categorize his 
analytical tools in terms of the models 
these tools will manipulate rather than in 
the conventional mathematical ordering. 
To date I have been able to identify only 
a very limited number of models or com- 
binations thereof which can represent sys- 
tems that we are able to analyze satisfac- 
torily. These are: 


1. Linear Lumped Constant Model 
2. Linear Distributed Parameter 
Model 
3. Nonlinear Model 
a. Lumped Parameter 
b. Distributed Parameter 
4. Arrays of Discrete Elements and 
States (Statistical Model) 


The first of the preceding represents 
probably the simplest model that the en- 
gineer can treat. His tools here are or- 
dinary differential equations including 
matrices, complex variables and the La- 
place Transform. To introduce the stu- 
dent to linear, lumped constant systems, 
the U.C.L.A. Department of Engineering 
requires three units of linear circuit anal- 
ysis during the fifth semester (1st semes- 
ter junior year). The course develops the 
linear, lumped constant mode of analysis 
for mechanical, thermal, acoustical, etc., 
systems as well as the electrical. The 
course builds on the fourth semester 
mathematics which presented ordinary 
differential equations through the Laplace 
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Transform. Matrix algebra is taught in 
the course and complex algebra is used 
extensively. 

A course in linear, distributed para- 
meter systems was introduced into our re- 


quired curriculum three years ago. In the - 


sixth semester the traditional offering in 
rotating electrical machinery was re- 
placed with a unified? field theory course 
that builds upon the fifth semester of 
mathematics.4 The new offering en- 
deavors to give the student skill in trans- 
lating data and experiences involving a 
wide variety of distributed parameter 
systems into the suitable field representa- 
tion. A special effort is made to cause the 
student to become aware of the process 
of going from a specific experiment to the 
general field representation and then ap- 
plying the generalization to problems 
from other areas. Some eight techniques 
for the exact or approximate solution of 
Laplace’s Equation are presented. It is 
recognized that all of the first three 
models are simplifications of 3 b. An ele- 
mentary treatment of separation of vari- 
ables is included that illustrates the 
method and the physical configurations 
that yield to this aoproach. Since the con- 
ditions for a two-dimensional, solenoidai, 
irrotational field lead so easily to the 
Cauchy-Riemann conditions we have 
been concluding the semester with an 
introduction to complex variables and 
conformal mapping. 


As one of the initial steps in preparing 
the student to deal with systems of dis- 
crete elements, an elective three-unit 
sophomore course in probability and sta- 
tistics is being offered this semester by 
the Engineering Department. The course 
will cover the basic elements of probabil- 
ity and statistics through the law of large 
numbers, sampling, statistical estimation, 
least squares, regression and correlation, 
and the estimates of variance. For the 
next several semeters we will evaluate 
this offering, the courses which will de- 


® Unified in the U.C.L.A. (not Einsteinian ) 
sense. 

‘See for example Sokolnikoff and Redhef- 
fer, Mathematics of Physics and Modern En- 
gineering (McGraw Hill Book 
York), Chapters 3, 4, and 5 


Co., New 
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pend upon it, and the elements of proba. 
bility and statistics now being introduced 
into other courses. By the end of this pe. 
riod it is expected that any necessary 
additional changes will be instituted to 
insure that probability and statistics are 
fully integrated into the required curricu- 
lum. It is possible that the integration of 
the course within the lower division 
mathematics might be desirable either as 
part of the present sequence or as part 
of a parallel finite mathematics stem. 
We believe that engineering design is 
an inductive process. What is done at the 
later stages depends upon what is learned 
at the preceding stages of the design 
process. Most courses in engineering are 
taught as though engineering is an exer. 
cise in deductive logic. The result has 
been an overemphasis on the analysis of 
existing (or proposed) systems and a 
vague, intuitive approach to problems of 
synthesis (or, more popularly “creative 
endeavors”). Recently our two-semester, 
iunior-vear course in thermodynamics has 
been completely recast to also emphasize 
the inductive rather than deductive a 
pects. The course begins with a develop. 
ment of statistical inference based upon 
Bayes’ theorem. The Shannon expression 
for entropy is derived. It is shown how 
the assignment of probability distrib 
tions in such a way as to be consistent 
with the given data but maximizing the 
uncertainty (entropy) leads to statistical 
mechanics. Classical (deterministic) 
thermodvnamical laws and theorems are 
seen to be the result of this “information 
theory” approach. Applications include 
the treatment of quantum effects in dit- 
tomic gases, the Debye solid, electron 
emission and noise (fluctuations). Al 
though the course is labeled “thermody- 
namics,” every opportunity is taken t0 
illustrate applications in design. For & 
ample, the use of Lagrangian multiplies 
in optimization and the use of information 
theorv as an aid to decision making at 
developed more fully than would be jus 
tified for the thermodynamics alone. 
The pedagogical economics of thes 
three junior-year courses are elementaty. 
The linear analysis course introduces th 
linear, lumped constant model for all er 
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gineering disciplines. Distributed para- 
meter models and the analytical tools to 
handle systems through Laplace’s and 
Poisson’s equations are explored in the 
field theory course. Probability and sta- 
tistics are well exercised and used as a 
basis for thermodynamics in the course 
in that subject. At the same time a foun- 
dation is laid for a number of other sub- 
jects including properties of materials and 
design. 

Design and its supporting disciplines 
have been made the subject of an inten- 
sive study by our design sub-committee. 
Unified design courses are being pre- 
sented in the second and seventh semes- 
ters. Freshman design explores the design 
process in some detail. The course lec- 
tures deal with the anatomy and morphol- 
ogy of design, computers, logic circuits, 
probability and_ statistics, communica- 
tions, linear programming and other opti- 
mizing techniques. The place of the com- 
puter as an everyday engineering tool 
has been apparent for some time. Our 
staff believes that the student early in his 
training must have first-hand familiarity 
with the modern computer and its prob- 
lem-solving potential. The first three lec- 
tures of freshman design introduce the 
student to the Bendix G15 Intercom 1000 
computer program. Each student is ex- 
pected to program and operate the ma- 
chine before the end of the semester. 
Boolean algebra, Venn diagrams, and 
truth tables are taught and _ illustrated 
with simple diode logic circuits. The 
axioms of inductive logic (Bayes’ theorem) 
and Shannon’s formula for uncertainty 
(information) are given. With the ele- 
ments of probability, loss functions, ex- 
pectation, and strategy, the elements of 
decision theory are presented. The lec- 
tures on linear programming provide an 
early consideration of the optimizing 
problem. Communication, including the 
use of graphics and the English language, 
is introduced by a simple treatment of in- 
fomation theory. Here information 
theory is utilized to develov the concepts 
fundamental to all communications. It is 
evident, of course, that a resnectable per- 
centage of the lectures in freshman de- 
sign are devoted to finite mathematics 
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and, in fact, one of the texts of the course 
is Introduction to Finite Mathematics by 
Kemeny, Snell, and Thompson (Prentice- 
Hall, Inc.). 

Our senior design course, which comes 
in the seventh semester, has been offered 
for the past four semesters. Its develop- 
ment has been particularly satisfying. 
Since it is only recently that the necessary 
background in probability and statistics 
has been introduced elsewhere, a treat- 
ment of probability and statistics is re- 
peated in this senior course through 
sampling and stratification. Linear alge- 
bra is presented with convex sets, vector 
spaces, and matrix notation including di- 
agonalization and inversion. Building on 
convex sets, decision theory is developed 
with Bayes’ theorem, conditional proba- 
bility, utility theory, notions of losses and 
regrets, and the economic justification of 
experiments. Game theory is offered to 
show the effect of competition on design. 
Game theory is carried far enough to de- 
velop the value of a game, notion of a 
saddle point, notion of utility in proba- 
bilistic terms and Von Neumann’s lottery 
approach. Additional optimization tech- 
niques are introduced in the form of La- 
grange’s multipliers, elementary varia- 
tional calculus, and the method of steep- 
est descent for the computer. Linear pro- 
gramming is developed in matrix nota- 
tion. The students are shown how to set 
up a linear program. A first introduction 
to dynamic programming is also included. 

Since design is always concerned with 
value, engineers must be concerned with 
economics. This semester one of our staff 
has been experimenting with the content 
of the senior course in economics. In ad- 
dition to the more conventional material 
and text (Grant and Ireson) he has in- 
troduced a new viewpoint using Chernoff 
and Moses’, Elementary Decision Theory. 
The elements of game theory (two per- 
sons, zero sum) are given. Decision 
theory is related to economics and the 
basic notions of statistics and probability 
are introduced with minimax solutions 
and Bayes’ strategies. Model and simu- 
lation studies are carried out through 
simplex solutions and an analysis of 
queues. 
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The Future 


In predicting the future one usually 
extends from an interpretation of the past 
and present. Certainly our future course 
developments will often be outgrowths of 


our present activities. In changing cur-' 


riculum content it is reasonable to expect 
to find some maximum rate at which stu- 
dents can master new material. It is also 
reasonable to look for this maximum, and 
then perhaps back off a little. 


I believe that many of the frustrations 
of engineers during World War II can be 
traced directly to training which enabled 
them to analyze nothing more sophisti- 
cated than linear, lumped constant sys- 
tems. 


To properly serve the future, there is 
no question that the analytical founda- 
tions of engineering must be much 
broader. New and more general methods 
of synthesis and optimization must be in- 
troduced. Within five years I expect to 
find engineering schools turning out bach- 
elors of science capable of setting up com- 
ponent and small system designs using 
any and all four of the principle engi- 
neering models. These men will under- 
stand the analytical techniques available 
for each model. They will not hesitate to 
use machines to obtain better answers 
than they could obtain unaided. 


Course content will be articulated with 
the relevant mathematics being presented 
within a semester of its use. The luxury 
of presenting similar analytical techniques 
under different names in the various en- 
gineering specialties no longer will be 
afforded. Machine computation will tend 
to shift the emvhasis from solution tech- 
niques to problem formulation. This en- 
hanced preparation of the students will 
be obtained with few if any additional 
units of mathematics. In view of the press 
of additional material this last statement 
may seem somewhat contradictory. How- 
ever, our experience to date has con- 
sistently shown that changing require- 
ments and careful course selection does 
allow for substantial compression and re- 
vision. The improved mathematical back- 
ground that the high schools will provide 
is a major factor that we must begin to 
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consider in the near future. The efforts 
of the mathematicians to upgrade high 
school mathematics will soon begin to 
bear fruit. We in engineering education 
should be prepared to exploit this oppor. 
tunity. 

At U.C.L.A. we are beginning a second 
iteration in our studies of the analytical 
portion of the undergraduate curriculum. 
The existing required courses in mathe. 
matics are being reviewed to find room 
for finite mathematics. The effect of the 
computer upon both lower division 
mathematics and engineering design is 
under study. Our single required course 
in linear, lumped constant analysis is 
very crowded. A second semester would 
allow the introduction of active compo- 
nents, feedback analysis, and the ele 
ments of circuit synthesis. This would 
serve as a further base for the design 
stem, because then circuit techniques of 
realizability could be introduced along 
with the linear transfer function optimi- 
zation techniques which have been de 
veloped in the automatic controls field. 

The interdisciplinary teaching econo 
mies that can be derived from the dis 
tributed parameter (continuous media) 
model are extremely tempting. Starting 
from field theory with Laplace’s and Pois- 
son’s equations, much of engineering 
(and science) has been traversed after 
the diffusion, wave, and biharmonic equa 
tions have been developed along with 
their general applications and modifies 
tions. As a second step toward develop 
ing a “continuous media” sequence, we 
have experimented for one semester with 
the possibility of replacing our tradition! 
fluid mechanics course with a sixth semet 
ter offering in transport phenomena ak 
Bird, Stewart, and Lightfoot.5 (Muchd 
classical incompressible hydrodynamics’ 
already presented in our field theory 
course.) The analytical tools of the court 
are fairly extensive, including in addition 
to ordinary differential equations and # 
ries expansion such material as vectt 
analysis, partial differential equation 
tensor notation, perturbation methods. 
Bessel functions, Gamma functions, and 


* Transport Phenomena (John Wiley al 
Sons, Inc., New York, 1960). 
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complex variables. Student reaction has 
been favorable and the instructor was en- 
thusiastic. However, a number of our 
staff have expressed reservations about 
the change unless steps are taken to pre- 
serve certain undergraduate experiences 
that are somewhat unique to fluid me- 
chanics. They point out that in many 
areas of engineering and particularly in 
fluid mechanics, the effects of energy con- 
suming interactions and non-linearities 
are often great enough to render mean- 
ingless a purely analytical solution. Here 
in general lies, as we all know, a funda- 
mental danger to the essentially analytical 
presentation. The engineer must develop 
a reasonably accurate model of the real 
physical system. If his idealizations are 
too great, the loss of accuracy will more 
than outweigh any gain in analytical ele- 
gance. Several answers to this problem 
and to the future of the continuous me- 
dia suggest themselves. There is need 
for a broader knowledge of nonlinear 
analysis. Also, our laboratories can do a 
much better job of developing an under- 
standing of the role of empirical data. 
We intend to explore the problem further 
since on the other hand a knowledge of 
the fundamental mechanism of a phenom- 
enon will usually offer insight into the 
empirical relations that should be sought 
in the laboratory. 


Although our core curriculum changes 
of the past several years now prepare our 
undergraduates to handle three of the 
four major analytical models, our core 
curriculum does not yet include nonlinear 
analysis. It is interesting that this curri- 
cular need is still so strong today in spite 
of the fact that a major percentage of 
the useful characteristics of electronic 
amplifiers and other important devices de- 
pend upon the nonlinear characteristics 
of their materials or structure. A major 
effort should be mounted to organize the 
place of nonlinear analysis in undergrad- 
uate curricula. Fortunately the research in 
nonlinear systems during the past five 
years does offer hope for better under- 
standing of the problem. It should be vos- 
sible to generalize and unify the work 
that has been done in such things as 
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piece-wise linear electronic circuits, self- 
adaptive control systems and nonlinear 
theory of deformable media. Analogue 
and digital computers are already prov- 
ing extremely useful and may provide a 
large percentage of the answer to the 
nonlinear analysis problem. 


Conclusions 


It is always necessary at regular inter- 
vals to review the significance of what 
has been accomplished and the implica- 
tions of what is proposed. In the forego- 
ing material it should be evident that the 
analytical content of our undergraduate 
curriculum has been extended. At the 
same time there has been a de-emphasis 
of the traditional electrical, mechanical, 
chemical, industrial, etc., specialties. With 
this we have had to ask ourselves if these 
changes would not warrant shifting all of 
the instruction and, of course, all of the 
students into mathematics, physics, or an 
applied physics department. If our con- 
cern were only with analysis and sciences, 
this question could be difficult to answer 
in the negative. It would be, “Sure, get 
rid of them.” 

But engineering does have design as 
its major function. Design has been de- 
fined as “an iterative decision making 
progress to develop systems to optimize 
the value of resources.” This great need 
for the extension of analysis into synthesis 
and then to optimization is distinctive of 
engineering. Within the last ten years the 
tools have become available to allow us 
for perhaps the first time to develop a 
coherent presentation of synthesis and 
optimization. The digital computer takes 
over the drudgery of iterative computa- 
tion and makes economical an extensive 
search for an optimum. 

With design as a decision-making pro- 
cess, the need for an understanding of 
decision theory is clear. Design (and 
therefore engineering) is an exercise in 
statistical inference. Engineers do not 
deal with deterministic systems. All en- 
gineering efforts of any significance in- 
volve payoff functions whose solutions 
depend upon a set of values derived from 
our society. In design we seek to deter- 
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mine those answers which afford the 
highest probability of success. 

To extend and further formalize the 
role of design in engineering we have 
funded what we expect and finally hope 
will be a comprehensive study and re- 
search program. We are adding staff to 
man six specific research activities. 
These concern: 

Synthesis techniques 

Optimization techniques 

Decision making in design 
Design with computers 

Criteria development and value 
systems 

6. Information organization and trans- 

mission. 

From this research will come the un- 
derstanding necessary for additional cur- 
riculum revision. In the synthesis and op- 
timization studies we expect to find those 
methods which are applicable to all en- 
gineering design. 

Interestingly enough our formal tech- 
niques for optimization seem at a first 
rather casual glance to have outstripped 
our methods for synthesis. If synthesis is 
considered to be complete when the re- 
quirement of realizability is satisfied, then 
general synthesis methods appear to be 
neither as numerous nor as elegant as 
the optimization procedures that follow 
once the realizability question is satisfied. 

I believe, incidentatly, that our original 
considerations of the academic ordering 
of the preparation for component and 
system design are changing. It had origi- 
nally appeared that design education at 
the undergraduate level would concen- 
trate on preparation for component de- 
sign. In graduate school more advanced 
training would provide the methodology 
for large-scale system design. With addi- 
tional study this picture has become 
blurred. Sophisticated techniques too of- 
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ten turn out to be just as useful for com- 
ponent design as for large system design. 
The model of even a simple component 
becomes increasingly complex as we al- 
low ourselves to consider more of the 
component parameters. Intelligent design 
of a component also demands a compre- 
hensive understanding of the system in 
which the component is embedded. I be- 
lieve now that undergraduate emphasis 
upon component or subsystem design will 
be the result of the student's limited 
storehouse of experience rather than a 
consequence of course content. 


In summarizing the program we have 
undertaken, our philosophy is seen to be 
rather simple and probably typical of en- 
gineering. We wish to apply to the prob- 
lem of producing a modern curriculum 
all of the tools that engineering has at its 
command, to produce an educational 
process as efficient as any mechanical 
process we have yet designed. We are 
essentially striving to optimize the four- 
year undergraduate experience. We seek 
to develop those generalities that will 
give our students a foundation they can 
build upon during most of their profes- 
sional life—to illustrate very early the en- 
tire structure of engineering so they will 
understand the rationale of their educa- 
tion as they receive it. As briefly men- 
tioned previously I do not wish to see 
skill in English composition and graphics 
demanded without first fully revealing 
the underlying generalities and laws that 
govern all modes of communications— 
the meaning of coding systems, the limi- 
tations of human information channel ca- 
pacity, the effects of all types of noise in- 
cluding grammatical errors and careless 
dimensioning. Instead of merely offering 
a set of skills we hope to show the need 
and the utility so that the students will 
seek to develop the skill themselves. 


RAWE DEAN OF ALFRED TECH 


Roger F. Rawe of Alfred has been appointed Dean of the State University Agri- 
cultural and Technical Institute at Alfred by President Walter C. Hinkle. 
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*Division Representative on the General Council. 


Secretary of the Mechanics Division: E. Russell Johnston, Jr., Department of Civil 
Engineering, Worcester Polytechnic Institute, Worcester, Massachusetts. - 


Editor: Arthur W. Davis, Department of Engineering Mechanics, Iowa State 


University, Ames, Iowa. 


CHAIRMAN’S MESSAGE 


It is a great pleasure to express my 
greetings to the membership of the Me- 
chanics Division of ASEE. Those of you 
who attended the Lexington meeting, I 
am sure, would agree that we had an ex- 
cellent program and that all of the speak- 
ers did an outstanding job in presenting 
their talks. It is gratifying to note the ex- 
cellent attendance at our meetings. All 
this speaks well for the vigor of Mechan- 
ics and its teachers. 

As a consequence of the Lexington 
meeting and subsequent actions, Profes- 
sor W. D. Jordan of the University of Ala- 
bama has been added to the Executive 
Committee; Professor J. O. Smith of Uni- 
versity of Illinois becomes our Division 
representative; Professor A. W. Davis of 
Iowa State University remains as our ed- 
itor; Professor E. R. Johnston of Worces- 
ter Polytechnic Institute is our secretary. 
Professor Daniel C. Drucker of Brown 


University has been appointed the pro- 
gram chairman for 1961-1962. 

It has been suggested that in the next 
year’s program special consideration be 
given to the following themes: (1) non- 
linear problems in mechanics, (2) joint 
sessions with civil and mechanical engi- 
neers emphasizing the tie of Mechanics to 
their respective areas, and (3) presenta- 
tion of short technical papers in mechan- 
ics with pedagogical implications. 

Your suggestions for papers for this 
program are welcome. In fact, the Me- 
chanics Division welcomes all ideas and 
suggestions for the improvement of the 
services that our Division performs to the 
engineering teaching profession. 


E. P. Popov 

Professor of Civil Engineering 
University of California 
Berkeley, California 


ELECTROMECHANICAL ENERGY CONVERSION 


An all-day session discussing the teaching of Electromechanical Energy Con- 
version was held during the AIEE summer meeting, June 22, 1961, at Cornell Uni- 
versity, Ithaca, New York. This session was jointly sponsored by the American Society 
for Engineering Education, the Institute of Radio Engineers, and the American Insti- 


tute of Electrical Engineers. 


Seven of the conference papers presented at this session have been printed as a 
single publication by the AIEE. Copies of this AIEE special publication, S-128, 
Electromechanical Energy Conversion, can be purchased from the Order Department, 
AIEE, 345 East 47th Street, New York 17, New York for $1.25 each. 

Copies of the progress report of the Electrical Engineering Division’s Committee 
to Survey the Teaching of Electromechanical Energy Conversion Courses, by Dr. 
A. D. Bailey, Conference Paper CP 61-832, also are available from AIEE while the 
supply lasts; the cost, per copy, is $0.50 to members of AIEE and $1.00 to nom 
members. A final report will be available later. 
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Retention of Physical and Geometrical 
Meaning in Vector Analysis 


J. L. MERIAM 


Professor of Engineering Mechanics, University of California, Berkeley. 


Much attention is currently being di- 
rected to the use of vector algebra and 
vector calculus in the basic engineering 
mechanics courses. As an element in the 
evolutionary struggle to do an increas- 
ingly better job, this attention with its 
accompanying experimentation is a wel- 
come trend. Our main problem is to 
achieve forward steps and minimize, at 
the same time, the unstable oscillations 
of emphasis which seem to characterize 
so much of what we do in this country. 
Currently we may observe examples of 
the “full vector treatment” where the 
vector notation is employed whether it 
offers distinct advantage or not. Indeed, 
it is implied from the apparent recent 
“tediscovery” of Gibbs’ notation that vec- 
tor quantities are now being analyzed for 
the first time. 

Another observer has pointed out that 
the more mature treatments of mechanics 
by well-known European writers do not 
make a fetish of the use of vector nota- 
tion, but merely employ it whenever it 
offers advantage. This is the more sen- 
sible point of view which we should 
adopt but which we have so far failed 
to achieve in this country. Vector nota- 
tion is but a tool to facilitate the descrip- 
tion of many vector relations. As such, 
the utmost caution is needed to prevent 
preoccupation with the manipulative as- 
pects and symbolism of the notation from 
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diverting primary attention from the 
physical, geometric, and engineering 
meaning of mechanics. We should not 
permit engineering mechanics to be used 
as an excuse for teaching a course in 
vector analysis. The distinction represents 
a fundamental point of view which calls 
for a review of basic objectives in order 
to lend perspective. 

As an objective for our basic engineer- 
ing mechanics course, the statement, “to 
teach the principles of mechanics,” is 
wholly inadequate. The basic concepts 
and principles constitute the objective of 
the introductory course in physics. In- 
stead, the objective of the engineering 
mechanics course should be the develop- 
ment of abilities to extend and apply 
concepts, principles, and methods which 
aid in the description of engineering sys- 
tems involving force and motion. The 
distinction between these two objectives 
and points of view lies in the basic dif- 
ference between engineering and science. 
Altogether too frequently do we find the 
course in engineering mechanics treated 
outside the context of engineering. With- 
in the framework of engineering purpose 
and as a guide to the place and emphasis 
of the tool of vector notation in engineer- 
ing mechanics, it is well to review the 
major steps which are basic to and char- 
acteristic of the treatment of an engi- 
neering problem in mechanics. First and 
foremost is the formulation of the prob- 
lem which calls for the identification of 
knowns and unknowns, simplification 
through assumptions and approximations, 
separation of cause and effect, recogni- 
tion of governing principles, and deter- 
mination of the sequence of solution 
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through recognition of the dependence __ preformulated problems where nothing 
of one quantity upon another. The jis left except the bare procedure of 
process of formulation of the problem is carrying out the solution. 

essentially the process of constructing the 
mathematical model. Once the ideal Anyone who is at all familiar with 
model is constructed, the actual process vector notation can hardly fail to appre 
and technique of solution proceeds. The _Ciate its beauty and basic simplicity for 
most interesting, difficult, and important the spatial description of vector quanti- 
phase of the entire process lies in the ties. With the perspective of engineering 
formulation of the problem. It is only purpose in mind, it becomes clear that 
through strong emphasis on this aspect the physical and geometrical meaning of 
of the total experience that the tools of | analysis by vector notation should fom 
analysis, including vector notation, are _a strong base in the introduction of vector 
seen in their subordinate and supporting —_ analysis in mechanics. Vectors are phys- 
(yet important) roles. One of the great- _—_cal quantities with geometric properties 
est dangers we face is to resist the temp- _and it follows that the key to their under 
tation to present mechanics with undue _ standing rests upon a base which permits 
emphasis upon the solution of essentially the free transition of thought between 
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the physical situation and its geometrical 
representation. In one dimension there 
can hardly be any advantage ascribed to 
vector over scalar algebra. The use of 
moments and angular momentum for the 
description of plane motion, for instance, 
involves vectors which remain colinear, 
and no particular advantage to the use 
of the cross product and the unit vector 
normal to the motion plane is introduced. 
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In two dimensions vector algebra and the 
description of vector geometry with scalar 
notation are quite comparable. But in 
three dimensions, particularly with the 
addition of time dependence, the full 
power of vector notation becomes evi- 
dent, and it is here that the vector tools 
should be stressed. 

Several figures are offered by way of 
illustrating a few of the cautions, com- 
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parisons, and advantages of vector nota- 
tion. In Figure 1 the evaluation of the 
moment of the force F about the axis of 
the bent shaft may be written in determi- 
nant form from the triple scalar product 


following the basic definition of moment . 


as a cross product and its component as 
a dot product. The manipulation re- 
quired, however, is apt to obscure the 
geometrical visualization of the com- 
ponent of F which produces the physical 
moment. With emphasis on the physical 
side of the problem, the current result 
can be written directly by inspection. 
Expression by vector notation does per- 
mit careful “bookkeeping,” as someone 
has noted. But systematic accounting, as 
important as it is, becomes important 
only after the physical effect to be ac- 
counted for is entirely clear. 

Figure 2 is a reproduction of an an- 
alysis of simple circular motion which 
is frequently seen. This approach is not 
advocated since it fails to utilize directly 
the advantage of the time derivative of a 
vector quantity and involves an unneces- 
sary transformation of coordinates. At 
best it is merely an exercise in manipula- 
tion. 

Figure 3 illustrates preferred presenta- 
tions for circular motion, both vector and 
scalar. The advantages of this vector 
presentation are, first, that it portrays im- 
mediately the three-dimensional aspect 
of fixed-axis rotation of a rigid body 
and, second, that it deals with the natural 
coordinates for circular motion. The 
scalar analysis from the figure showing 
the geometry of the differential vector 
changes is probably a little shorter and 
more meaningful, physically, because the 
derivative of the vector is seen directly 
on the vector diagram. Experience indi- 
cates that the two analyses presented to- 
gether are mutually reenforcing. 

Figure 4 illustrates the similar analyses 
of plane curvilinear motion in polar co- 
ordinates. Here the clarity of the geo- 
metric picture is a distinct aid to the 
student in understanding the results of 
the successive differentiation of the vec- 
tor rr, in the lower half of the figure. 

Figure 5 shows a rigid body with gen- 
eral motion in space. Successive differ- 
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Fig. 4 
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entiation of the vector triangle of position 
vectors yields immediately the relative 
velocity and acceleration equations in 
space. The step p = w X p is obtained 
by either of the two methods shown in 
the lower portion of the figure. The geo- 
metric approach is shorter and more 
descriptive physically than the more for- 
mal dependence on symbols and is an 
example of how geometrical meaning can 
be used to help establish the vector 
notation. 

Figure 6 shows an example of the 
relative simplicity of a three-dimensional 
vector solution facilitated by the vector 
formulation of Figure 5. Here the link 
OA is confined to rotate about the fixed 


=WXFr = 69 = -6F 


Z-axis through O. The link BC also 
rotates about the Z-axis, but C may slide 
along the axis. The joining link AB is 
provided with ball-and-socket hinges at 
A and B. A variety of nonlinear oscilla- 
tions may be imparted to C depending 
on the relative frequency and phase re- 
lation between OA and CB. The figure 
shows the solution for the acceleration of 
C under the special symmetric conditions 
imposed. The inherent difficulty of a, 
three-dimensional solution to the four- 
bar space linkage is easily handled for 
the special conditions shown. 

--Many other examples may be pre- 
sented to illustrate the cautions, com- 
parisons, and advantages of vector nota- 
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tion for basic mechanics instruction. As 
instructors gain experience in presenting 
mechanics with the aid of Gibbs’ nota- 
tion, it is hoped that there will evolve an 
emphasis and technique which will ac- 
celerate the progress of students. In this 
process, instructors must undertake a 
constant and critical examination of the 
effectiveness of their presentations by 
thorough evaluation of the basic under- 
standing acquired by their students. 
Facility for manipulative skill in analysis 
should not take precedence over the 
development of capacity to construct 
good mathematical models. Comparisons 
of tools of solution are also essential, for 
knowing when to use a tool is just as 
important as knowing how to use it. 
Lastly, we should not forget that our 
major obligation lies with the vast ma- 
jority of our successful students, say the 
upper 50 per cent, and not merely with 
the top 1 or 2 per cent who should be 
given special challenges. The major bur- 
den of engineering accomplishment in the 
years immediately ahead will rest with 
this large group. We owe this group a 
maximum of clarity and insight with the 
engineering realities of mechanics. The 
use of vector notation should be de 
veloped with this objective in mind. 
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Vector Analysis in Mechanics 


FERDINAND L. SINGER 


Professor of Mechanical Engineering, 
New York University 


To introduce the topic, we should 
specify our frame of reference. This de- 
pends on how we answer the following 
questions: What are the objectives of 
mechanics courses? Do they vary for dif- 
ferent engineering disciplines? How 
should they be modified for students tak- 
ing an undergraduate terminal program 
as contrasted to students contemplating 
graduate study? How can we best attain 
these objectives? What type of mechanics 
are we considering—engineering, classi- 
cal or theoretical mechanics? Because 
each of us may have a different answer 
to these questions, many different texts 
are written; indeed, we may write one 
ourselves if we cannot find one to fit our 
objective. 

My own credo is that mechanics cor- 
relates the disciplines of physics and 
mathematics by developing the ability to 
solve a wide variety of applications by 
means of a few basic principles. We must 
ensure that the student is adequately pre- 
pared to apply these concepts to such 
subsequent courses as strength of ma- 
terials, mechanics of machinery, fluid me- 
chanics, structural analysis, machine de- 
sign, etc. We must also be aware of the 
changing requirements of other engineer- 
ing curricula. Our colleagues, especially 
in electrical engineering, aeronautics, and 
engineering science, require that their 
students have at least an introduction to 
vector analysis and possibly also tensor 
notation, else their course work is re- 
tarded by the necessity of presenting it 
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themselves. It seems apparent that me- 
chanics is the ideal place in which to 
start using these tools. But the question 
is to what extent should they be used in 
the basic course in mechanics. 


During the past two years I have ex- 
perimented with vector analysis and find 
it particularly well suited to develop con- 
cisely and rigorously the general prin- 
ciples of mechanics, especially space me- 
chanics. To do so, the student needs only 
to understand and be able to apply the 
notions of the dot product, the cross 
product and the derivative of a vector. 
These are relatively easy to learn and all 
students can benefit by learning that vec- 
tor analysis is not as esoteric as it seems, 
and also to follow, intelligently, profes- 
sional papers that may use this notation. 
At the appropriate place, tensor notation 
can also be used to great advantage. In- 
deed, to quote the author of a recent 
book, his students found it relatively easy 
to master tensor notation but had great 
difficulty in solving simple problems in 
statics and dynamics. I believe the ex- 
planation is that there was insufficient 
training in scalar techniques. 

This author has, perhaps unwittingly, 
put his finger on the crux of the matter. 
It is not sufficient to teach a student the 
concepts of vector or tensor analysis—we 
must also teach him how to use them ef- 
fectively. The principles of mechanics are 
surprisingly few and simple; what is dif- 
ficult js to develop skill in applying these 
few principles to solve a wide variety of 
applications. And I mean solve to a nu 
merical result; not the mere setting up of 
equations or of an analysis. If it has been 
difficult to attain this objective by scalar 
methods, it may be even more so using 
only vector methods wherein the mathe- 


916 Jrl. Eng. Ed., V. 52, No. 3, Dec. 1961 


Dec. | 
matic 
cal s 
tor al 
ysis,” 
Iam 
ment. 
conce 
chani 
cases 
and | 
ing 
ae the re 
when 
cept 
and 
rathet 
mech: 
For 
mech: 
of the 
these 
applyi 
equati 
scalar 
% 
group 
what | 
is nee 
body 
techni 
for sol 
in equ 
when 
: in equ 
ters tc 
slopes 
the an, 
In 
; : most ; 
overloc 
: : dent w 
chanic: 
sented 
to mov 
of sate 


hat me- 
shich to 
question 
used in 


nave ex- 
and find 
lop con- 
‘al prin- 
yace me- 
eds only 
pply the 
ne cross 
1 vector. 
1 and all 
that vec- 
it seems, 
, profes- 
notation. 
notation 
tage. In- 
a recent 
vely easy 
ad great 
blems in 
the ex- 


sufficient 


vittingly, 
e matter. 
ident the 
lysis—we 
them ef- 
janics are 
at is dif- 
ing these 
variety of 
to a nu 
ing up of 
has been 
by scalar 
so using 
ie mathe- 


, Dec. 1961 


Dec. 1961 


matical manipulation of dot and cross 
products bears little resemblance to physi- 
cal significance. 


I have no reservations about using vec- 
tor analysis provided we emphasize “anal- 
ysis,” but I do strongly object to over- 
emphasizing its manipulative technique. 
I am particularly annoyed by advertising 
blurbs boasting about “a full vector treat- 
ment.” There is an increasing trend to 
concentrate on three-dimensional me- 
chanics and to ignore two-dimensional 
cases as trivial. Instead, I believe it trivial, 
and possibly foolish, to use the follow- 
ing “full vector treatment” to determine 
the reaction of a beam, viz. 

Li X Rj + ai X (—Pj) = 0 
when RL = Pa expresses the physical con- 
cept of moment balance more concisely 
and significantly. This can only retard 
rather than enhance understanding of 
mechanics. 

For the majority of engineers, plane 
mechanics constitutes about 90 per cent 
of their professional interest. To solve 
these coplanar problems requires skill in 
applying the scalar components of vector 
equations. It should be noted that these 
scalar equations need only to be multi- 
plied by i, j, or k to be elevated to the 
dignity of vector equations. It is still im- 
portant that our students recognize which 
group of scalar equations to use and in 
what combinations to apply them. Drill 
is needed on setting up and using free- 
body diagrams. Other important scalar 
techniques are the use of the sine law 
for solving force polygons of three forces 
in equilibrium, rotation of reference axes 
when there are more than three forces 
in equilibrium, selection of moment cen- 
ters to eliminate unknowns, method of 
slopes in analyzing trusses, and use of 
the angle of friction. 

In my opinion, it is unfortunate that 
most recent books in mechanics have 
overlooked these scalar methods. Coinci- 
dent with the space age, these books have 
placed a major emphasis on space me- 
chanics. Excellent discussions are pre- 
sented on the concepts of motion relative 
to moving coordinate systems, trajectories 
of satellites and ballistic missiles, and 
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rigid body motion about a point or its 
unconstrained motion in space. To do this 
effectively, it is only natural to use vector 
analysis. Vector analysis is also used very 
effectively to discuss the kinematics of 
plane motion, especially Coriolis’ accel- 
eration and radial and transverse compon- 
ents of acceleration. Without necessarily 
concentrating on space mechanics, I be- 
lieve our students should be versed in 
applying vector analysis to these two- 
dimensional cases, not only for the con- 
ciseness and rigor of the presentation but 
also to satisfy the needs of our colleagues 
in other areas. However, we should not 
overlook another tool that is excellent for 
this purpose, namely, complex rectangular 
and polar notation. 

There is a real danger that in the en- 
thusiasm of using vector analysis, it may 
be overdone by the “full treatment.” Ac- 
tually, there is no advantage in using vec- 
tor analysis for two-dimensional cases ex- 
cept where we are concerned with the 
rate of change of the direction of a vector, 
as in dynamics. However, for three-di- 
mensional cases, vector methods provide 
both a more concise development as well 
as permit operations that are unwieldy 
with scalars, e.g., the moment of a force 
about any line. I would urge its adoption, 
therefore, as a tool to develop principles 
while retaining adequate drill in scalar 
techniques. Indeed, time may be saved 
and applications broadened by using vec- 
tor analysis, but the order of presentation 
must be modified. As a suggestion, the 
order of topics in statics might be: 

1. Vector algebra and vector products. 

2. Complex rectangular and polar no- 
tation. 

3. Numerical techniques for determin- 
ing the components of a force and 
of its moment about a point or 
about any axis. 

4. Resultants and equilibrium of space 
systems of forces. 

5. Application to coplanar problems 
emphasizing the reduction of vector 
equations to scalar equivalents and 
training in scalar techniques. 

‘I should like to end with a quote from 

the preface of L. A. Pars’ excellent book, 
Introduction to Dynamics (Cambridge 
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University Press), because it seems so ap- 
propriate to the discussion. It reads: 

“The vexed question of vectors, or 
rather-of vector notation, has lately been 
much discussed, and the disputants have 
been seen maintaining with no little heat 
their various opinions . . . . One party 
stands for vector notation all the time— 
even for problems to which it is not par- 
ticularly well adapted. In some exposi- 
tions the whole emphasis seems to be 
on the manipulation of vector formulae 
rather than on dynamical principles, and 
we occasionally meet a proof that looks 
like a stunt or a conjuring trick. This 
party seems to regard the invention of 
Cartesian axes as a regrettable accident, 
a slightly indelicate matter seldom alluded 
to in polite society. The other party takes 
the diametrically opposite view. Its mem- 
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bers seem always ill at ease with the vee. 
tors (just as writers a century ago were 
ill at ease with the complex variable) and 
they breathe a sigh of relief when they 
can get back—which they do as quickly 
as possible—to the friendly shelter of x, 
y and z.... In this book I have tried 
to avoid both these extremes . . . I have 
used vector notation freely when it sub- 
stantially shortens or clarifies the argu- 
ment. But I have not insisted upon it 
everywhere, because there will be some 
readers to whom it is unfamiliar, and 
these readers will make quicker progress 
if the unfamiliar notation is not used too 
freely . . . . A wide knowledge of the 
geometrical vector theory is not of com- 
parable importance at this stage; it comes 
into its own in the field theories of elec. 
tricity and hydrodynamics.” 


Vector Analysis in Mechanics 


ARCHIE HIGDON 


Colonel, USAF, 
Professor t+ Head of Mechanics, 
USAF Academy, Colorado 


Not many years ago, perhaps even yet 
in a few situations, some people were still 
teaching courses in strength of materials 
without the use of the calculus. They did 
this primarily because their students in 
certain curricula, such as architecture, 
were not required to take calculus. Today 
the mathematical background and prep- 
aration of our students is far more ad- 
vanced than utilized or required by most 
mechanics teachers. We talk of the im- 
maturity of our students in mathematics, 
but we don’t really mean it because we 
demand so little mathematics of them. 

Today, we teachers of mechanics are 
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faced with a great hue and cry to take ad- 
vantage of vector methods in our teach- 
ing. Most of the quantities we use in our 
study of mechanics are vector quantities 
so it would seem somewhat natural to ad- 
mit the obvious and use vector methods. 
However, we have been telling each other 
for 10, 20 or 30 years that our students 
don’t understand vector methods and 
therefore we should be realistic and take 
all sorts of measures to avoid the use of 
vector algebra, much less vector calculus. 
Furthermore, after using scalar methods 
for 20 years or so, we have become rather 
adept in their use and are extremely re 
luctant to consider a change. We even 
say scalar methods are easier and I am 
sure they are for us after years of practice. 

Fortunately our students haven’t had 
all this practice with scalar methods and 
they appear to comprehend vector meth 
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ods as readily as scalar procedures. In 
fact, on the very limited trial run we 
made this year, it is just possible that the 
vector course produced more learning 
than our scalar course, even though we 
are definitely far more experienced 
teachers of the scalar methods. 

Even if we insist on avoiding a change 
to vector methods until the bitter end, we 
won't have long to resist. Such leading 
texts as Modern University Physics by 
Richards, Sears, Wehr and Zemansky in 
physics and Calculus with Analytic Ge- 
ometry by Taylor in mathematics now use 
vector terminology and Taylor contains a 
chapter on vector methods. When mathe- 
matics and physics courses include vector 
methods, how can we possibly ignore 
their use any longer? 

Now don’t get me wrong! I am mak- 
ing a plea for the use of vector analysis 
as a tool in exactly the same manner as 
calculus, trigonometry, the slide rule, etc. 
I do not advocate or even condone those 
who seek to use mechanics as an excuse 
to teach vector analysis instead of me- 
chanics on mechanics time. We have all 
we can do to teach the necessary me- 
chanics in the time allotted at most 
schools. I propose to use vector analysis 
as a tool to help me teach mechanics and 
to use it when it helps and not exclusive- 
ly. However, I believe that vector meth- 
ods must be used on simple problems to 
prepare for their use on more complex 
problems. In many cases vector terminol- 
ogy provides a more concise form for me- 
chanics than we now use. The deriva- 
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tions in kinematics are more direct and 
easier to follow and problems not readily 
solved by scalar methods can be quickly 
formulated by vector methods even if the 
detailed solution does involve as much 
work as scalar procedures. For the stu- 
dent, the formulation or statement of the 
necessary equations is frequently very 
troublesome. As I see it, vector methods 
lead directly to a simple statement of the 
solution for many problems that require a 
lot of thought from the student with 
scalar methods. 

I have been unable to find any proof of 
the common statement that vector meth- 
ods obscure the physical meaning for the 
student. However, we intend to try out’ 
the vector approach this fall on a hundred 
students (seven sections) to see what 
more we can learn for and against vector 
procedures. 

Professor Henry F. Hrubecky in the 
Mechanics Division Bulletin (pp. 763-4, 
JouRNAL OF ENGINEERING EDUCATION, 
May 1961), gives several excellent exam- 
ples of the advantages of vector analvsis 
in mechanics. In particular, he points out 
the fact that vector operations clarify the 
basic definitions, concepts, and analysis 
for the student. He further says that the 
relatively short time needed to present 
the vector fundamentals allows for greater 
course coverage instead of less coverage. 
I assume this statement means that he 
has found time to teach vector methods 
and mechanics even though the mathe- 
matics department has not already pre- 
sented all necessary vector analysis. - 


COMPUTER CENTER AT ARLINGTON STATE 


Arlington State College this summer dedicated a data computing center designed 
to strengthen the school’s instructional programs in engineering and basic sciences as 
well as to insure the college a front-ranking position in college-based research in the 


North Texas area. 


The center, built around a newly-installed IBM 1620 computer, will serve in a 


basic program of undergraduate instruction. 


Dr. Wendell H. Nedderman, Dean of Arlington State’s School of Engineering, 
emphasized that the school will not initially offer intensive training in computer pro- 
gramming techniques. The emphasis, he said, will continue to be on basic courses 


of study. 


| 
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Teaching Undergraduate Mechanics by the 
Index Notation of Tensor Calculus 


DANIEL FREDERICK 


Professor of Engineering Mechanics, 
Virginia Polytechnic Institute 


During the past three decades and 
especially since the last war, there has 
been a marked trend to optimize designs 
so that the prototypes operate at very 
nearly their ultimate capacities. It has 
also become important for all engineers 
to understand and apply three-dimen- 
sional solutions to problems in dynamics, 
fluid mechanics, elasticity, etc. Such 
studies necessarily involve a three-dimen- 
sional spatial treatment and, for time 
dependent phenomena, the additional 
variable of time as well. 

In the past ten years, we have ob- 
served a growing trend toward the use 
of vectors in undergraduate mechanics 
courses in order to facilitate these three- 
dimensional studies. Prior to this time, 
undergraduate mechanics was taught 
primarily on a two-dimensional basis and 
there was no need for true vector treat- 
ments. the use of vectors, argu- 
ments on the pros and cons of teaching 
mechanics by vector calculus have arisen. 
These arguments raise questions regard- 
ing the best way of teaching three- 
dimensional mechanics. Is it by the use 
of vectors? One answer to these questions 
is that we should use the index notation 
of tensor calculus. Although it appears 
that this treatment is a move to an even 
higher mathematical level, this notation 
is. a direct extension of the old two- 


Presented at the Meeting of the 
Southeastern Section of the ASEE 
Engineering Mechanics Division, 
April 20-21, 1961, University of 
Mississippi, Oxford, Miss. Recom- 
mended far publication by the Me- 
chanics Division of ASEE. 
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D. H. PLETTA 


Head, Engineering Mechanics Department, 
Virginia Polytechnic Institute, 
Blacksburg, Virginia 


dimensional scalar treatments. Students, 
therefore, should not have any additional 
trouble understanding abstract operations 
such as the cross and dot products, ete. 
which they encounter in classical vector 
treatments. 

It is also becoming increasingly im- 
portant for engineers to be able to u- 
derstand tensor notation in order to read 
the literature and apply the results of 
this research to their own designs. Hence 
students must begin to use these newer 
notations so as to prepare for practice 
on a high professional plane, or graduate 
work, or both. 

Up to now, the present vector analysis 
has proven rather popular in handling 
three-dimensional time-dependent mathe- 
matical formulations mainly because it 
was much more concise than the manip. 
ulations in scalar form. As one probes 
deeper into the more complex problems 
in engineering analysis, one soon finds 
that vectors are insufficient and that 
tensors as well as a knowledge of matrix 
algebra must be mastered. The cross and 
dot product and calculus of vectors are 
important tools but these and _ certain 
other vector operations such as dyad 
are considerably more cumbersome t0 
manipulate than their counterparts it 
tensors. In fact, dyads are no longe 
popular in engineering literature. On 
the other hand the index notation ip 
volved in tensors applies equally well t 
scalars (tensors of zero order), vector 
(tensors of the first order), and certai 
two-dimensional matrices (tensors of the 
second order) and also to quantities 
any order higher than two. It also leads 
to a generalization of space (higher tha 
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three) which is useful in many applied 
problems. 

It would appear, therefore, that since 
the index notation can handle all phases 
of the mathematical manipulations of 
scalars, vectors, matrices, or tensors it 
would be much more appropriate to 
begin using it and actually discard the 
less efficient vector notation. 


At the moment we shall probably have 
to continue to teach students to under- 
stand both vector notation and that part 
of tensors having to do with index nota- 
tion. It might be safe to predict that in 
time the more powerful part of tensor 
analysis, that of index notation, will en- 
tirely supplant the classical notation of 
the cross product, dot product, the del 
operator, etc. currently being used in 
vector analysis today. 

Engineering mechanics must of neces- 
sity deal with vectors. Until recently 
its presentation was restricted to scalar 
mathematics but vector notation has 
gained favor in the past few years. It 
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would appear now that the treatment of 
vector algebra and calculus in index 
notation would be the most conservative 
approach, since it alone is progressively 
useful in tensor applications. 


Vectors and Vector Components 


(1) Range and Summation Conven- 
tions. To indicate the conciseness and 
clarity which arises from the tensor nota- 
tion, some well-known definitions and 
equations will be presented. 

Let Yo, Y3 be rectangular cartesian 
coordinate axes and let A be a vector 
located at the origin. It is well known 
that this vector can be resolved into three 
vector components A,, A,, and A, along 
the axes. Or introducing unit vectors 
i,, i,, i, these components can be written 

where A,, As, Ag are the scalar magni- 
tudes. At this point, using the index 
notation, we may introduce the range 
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convention! and refer to the vector by 
the magnitudes of its components, Aj. 

A; means the set { } 
Thus referring to the vector by A; is 
equivalent to or better than the notation 
A, for given the set of numbers A; and 
the coordinate system, the magnitude 
and direction of the vector can be found 
in the usual way. Its magnitude A, is 
given by 

A? — (A,)? + (Ae)? + (A3)% 
or by the summation convention:* 

A? — A,A; = AA, + + 
Thus the two important laws of the new 
notation; i.e. that of the range and of 
the summation notation, have been in- 
troduced almost painlessly. 

(2) Scalar or Dot Product. Consider 
two vectors with components A; and 
B;. The dot product of these is by defini- 
tion 

A,B, = A,B, + + AgB3 

The dot product of A with each of the 
unit vectors i,, yields the scalars 

A; =A cos 6; 
where 6; are the angles between the 
vector A and each of the coordinate axes. 
The most familiar example in mechanics 
is the dot product of the force vector F; 
and the infinitesimal displacement vector 
du; yielding the work dw done by the 
force over the displacement du; 


dw du; 
Now integrating along some curve the 
work done is 


B 
= F,du; 
A 


Thus, the components of a vector can be 
treated -without introducing the vector 
A itself. 

(3) Permutation Symbols, Cross Prod- 
uct of Two Vectors. As is well known 
the cross product is not as easy to teach 


*Range Convention—Whenever a small 
Latin suffix occurs unrepeated in a term, it 
is understood to take on the values 1, 2, and 
3 and to represent a set of three elements. 

? Summation Convention—Whenever a 
small Latin suffix occurs repeated in a term, 
it is understood to represent a summation 
over the range 1, 2, 3. 
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and understand. To introduce the croy 
product in the new notation it is neces. 
sary to introduce permutation symbols, 
By definition, the permutation sym. 
bols are ¢;;,, where 
if any two suffixes ar 
alike. 
if the suffixes (i, j, kj 
are an even number of 
permutations of the 
numbers (1, 2, 3). 
if the suffixes (i, j, kj 
are an odd number 
permutations of th 
numbers (1, 2, 3). 
Thus the six non-zero components are 


== 0 


€123 = = €312 = + 1 

€321 = €213 = 132 = — 1 
which are easy to remember since the 
plus one and minus one elements ar 
obtained by cycling the numbers (1, 2 
3) and (3, 2, 1) respectively. 

With these permutation symbols the 
cross product of the displacement vector 
p; With the force vector F; yields the mo 
ment vector M; 

Mi = x 

Or, using the range and summatioy 

conventions 


= — 
Similarily Ms = — pik’; 
M3 = piF’2 — 
Thus we have avoided the use of unit 
vectors and determinants which are em 
ployed in the classical notation. Further 
more, attention is focused on the com 
ponents themselves which after all at 
the quantities sought. The physical and 
geometric interpretations are obviously 
the usual ones. 


Examples 


Presented below for the purpose 
illustrating the simplicity and compat 
ness of the notation are some well-know! 
laws and equations from mechanic 
These are given here without proofs « 
preliminary developments which in mazf 
instances are almost trivial when com 
pared with the methods of classical ve 
tor analysis. 
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(1) Associative Law for Addition of 

Vectors. 
A, + (By + C;) = (A; + B;) + C, 

(2) Moment of a Force F,, about a point. 
k 
where p; is the positive vector, 

(3) Equilibrium Equations of Statics. 
>M,;—0 


which are the familiar “sum of the forces 
along the three axes” and “sum of the 
moments about the three axes” equal to 
zero. 


(4) Equilibrium Equations in Continuum 
Mechanics. 

This example provides an opportunity 
to introduce another shorthand notation; 
that of representing the partial derivative 
of a function F (y;, yo, yz) with respect 
to a position coordinate by a comma. 
Thus 


F,; represents the set 


aF 
dY3 
which is another way of saying that the 
grad F can be written as F,,. Similarly, 
the div F — F,,, and the curl F has the 
same meaning as F;,,;. 


The power of this notation is even 
more apparent when one considers the 
equilibrium equations for a continuous 
medium. Here, the nine components of 
stress may be expressed as o;;. Actually, 
of course, only six are independent, for 
the six shear components pair off so that 
693 = og9, etc. When one sums the forces, 
not stresses, which act on an elemental 
volume, the variations in o;;, such as 
ae etc., due to the inhomogeniety 
of the state of stress, and the surface 
areas of the volume appear. The equili- 
brium equation applicable in the y, direc- 
tion for forces thus takes the form of 


0011 0042 0013 
X,=0 
+ OY2 OY3 
In index notation, where X, are body 
forces, all three equations become 


+X; = 0 
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(5) Differentiation of a Vector with Re- 


spect to Time. 

Let F(t) or F,(t) be a vector that 
varies in magnitude and direction. The 
formal definition of the derivative is then 
Limit Felt + — Full) 

At>0 At 
If A;(t) and B,(t) are two vectors, 


then some well-known laws for differ- 
entiation are 


d(A;+B) _ 
dt 
d(AB,) 


dt 


dB; dA 
d aB;. 

A; B,) = A; + 


dA; 


A; : B; 


In the last identity, the permutation sym- 
bols are constants and have been treated 
as such in the differentiation. 

Let p; be the position vector of a mov- 
ing particle. Then the velocity of the 
particle is 


and the acceleration is 
a dv, 


or using a dot to indicate a derivative 
with respect to time 


0; = pi 


(6) Transformation Equations. 


In all fields of mechanics the transfor- 
mation of the laws and quantities from 
one set of coordinates to another is often 
necessary. These calculations are usually 
time consuming and lengthy. The tensor 
notation lends itself naturally to this 
problem for the basic idea in tensor an- 
alysis involves transformations from one 
set of coordinates to another. When writ- 
ten in true tensor form, all laws and equa- 
tions hold for any coordinate systems. 


AG 
| i dB; 
dt 
| 
, 
| | 
a, = = pi 
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Let y; and y’, be two sets of rectangular 
coordinate axes and let a;; be the direc- 
tion cosines between them. These direc- 
tion cosines may be arranged as shown 
below. 
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y's y's 
y1 413 
Ye Age 
Y3 431 ago a33 


For example a, is the cosine of the 
angle between the y, and y's axes. 


The ease with which one can transform 
the components of a vector (first ordered 
tensor) from say an unprimed to a 
primed coordinate system is apparent 
from an expansion of the following re- 
lationship. Let M; and M’; be components 
of a vector in the y; and y’; coordinate 
systems. Then 


M,; = a;M'; 
etc. 


Similarly, a transformation from a primed 
to an unprimed system is given by 

M - = a,;M j 

= + + 443M3. 

Transformation equations for second- 

ordered tensors such as the inertia tensor 
I,; and the stress tensorg;;, can be written 
as follows. 

I 

= rg 
Note that these hold only for transforma- 


tions between sets of coordinates which 
are rectangular cartesian and do not hold 
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for transformations involving gene 
coordinates. 

Summary 


The salient features of the index not. 
tion have been presented here and th 
advantages it offers over the classical 
vector and matrix notation were pointed 
out. The important advantages might be 
summarized as follows: 

(1) The three-dimensional (or N-dimen 
sional) case is just as easy to handle 
as the two-dimensional one. 

(2) The notation focuses attention m 
the components directly. They ar 
not hidden as in the vector or matrix 
notation. 

(3) It prepares a student for further 
study on a graduate or post-profes. 
sional level where the concepts ¢ 
invariance and N-dimensionality ar 
important. 

(4) A compactness in writing and pres 
entation is achieved which leads ty 
increased understanding. 

(5) Proofs for vector identities (som 
quite involved otherwise) contain’ 
ing dot and cross products, div, 
curl, grad., etc. are almost. trivi 
in the index notation. 


On the negative side, one might wonder 
whether a term containing two cros 
products is easier to handle in the new 
notation since it would contain two per 
mutation symbols. By expanding eat 
symbol and using its definition these e 
pressions lead to some simple identities 
Therefore, these cross products are # 
easy or easier to manipulate than wil 
the usual vector notations. 


REFERENCES 
Synge and Schild, Tensor Calculus, Te 
ronto University Press (1951). 


I. H. Shames, Engineering Mechanic 
Statics and Dynamics, McGraw-Hill (1960) 


PETERS DEAN AT COLORADO 


Dr. Max S. Peters, 41, head of the division of chemical engineering at the Uni 
versity of Illinois, has been named dean of the College of Engineering at the Universi 
of Colorado. He succeeds Dean Emeritus Clarence L. Eckel, who retired in 1960 afte 
46 years on the U. of C. faculty. 
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RONALD books for engineers . . . 
LINES, WAVES, and ANTENNAS 


The Transmission of Electric Energy 


ROBERT GROVER BROWN, lowa State University; 
ROBERT A. SHARPE, lowa State University; and 
WILLIAM LEWIS HUGHES, Oklahoma State University 
A carefully integrated introduction to the principles of electric energy 
propagation. Pulse transmission along lossless lines is treated first in 
order to establish clearly the basic ideas of propagation and reflection. 
Transmission-line phenomena are further developed from the circuit 
theory viewpoint with the study of the sinusoidal case. Transmission- 
line analogy is used whenever possible in discussing electromagnetic 
wave theory. Instructor's Manual available. 1961. 297 pp., illus. $10 


HIGHWAY ENGINEERING 


LEO J. RITTER, Jr., Associate Editor, ‘‘Engineering News-Record” ; 
and RADNOR J. PAQUETTE, Georgia Institute of Technology 
Second Edition offers co-ordinated coverage of all phases of highway 
engineering. Logically organized book examines major factors in the 
order in which they would be encountered in the development of a 
highway or highway system. In addition to practical material on 
the preparation of plans and contracts, facts on modern equipment, 
and construction and maintenance details, book fully covers the ad- 
ministration, economics, financing, and over-all planning of a modern 
highway. “The exceptional text in the field today.’”—Neilon J. Rowan, 
Agricultural and Mechanical College of Texas. 2nd Ed., 1960. 751 
pp., illus. $10 


STATICALLY INDETERMINATE 


STRUCTURAL ANALYSIS 
R. L. SANKS, Gonzaga University 


This new book offers a thorough treatment of three independent an- 
alysis methods in wide use: moment area, virtual work, and moment 
distribution; plus a concise presentation of other methods. It stresses 
understanding the theory, observing the interrelation of the several 
methods, and use of worthwhile computional shortcuts. The concept 
of cut-back structures is employed effectively for deflection calcula- 
tions; the use of elastic checks is developed in detail. Nearly 550 prob- 
lems, illustrated with hundreds of line drawings are included. The 
Instructor’s Manual provides complete solutions to typical problems. 
1961. 602 pp., illus. $10 


THE DYNAMICS and THERMODYNAMICS 
of COMPRESSIBLE FLUID FLOW 


Parts I and II from Volume I 
ASCHER H. SHAPIRO, Massachusetts Institute of Technology 


Parts I and II (chs. 1 to 8) of this definitive work bound separately. 
Ideally suited for the short undergraduate course, this textbook pro- 
vides a thorough introduction to compressible fluid mechanics. Part 1 
clearly explains the basic principles and concepts of fluid dynamics 
and thermodynamics, and the introductory concepts of fluid flow. 
Part II carefully examines the fundamental principles of one-dimen- 
sional flow. Tables of compressible-flow functions are appended. 
“A consistent, integrated, and fundamental approach ... clear and 
readily understood by students.”—S. J. Kline, Stanford University. 
1958. 293 pp., illus. $8.50 


THE RONALD Press COMPANY 


15 East 26th Street, New York 10, New York 
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Commercial aircraft 
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Missiles and space vehicles 


CAREER BULLETIN 
FROM 


The wide variety and the continu- 
ing growth of such Boeing programs 
as those illustrated on this page 
offer outstanding career openings 
to graduates in engineering, scien- 
tific and management disciplines. 
At Boeing your students will enjoy 
the advantages of a professional 
climate that is conducive to deeply 
rewarding achievement and rapid 
advancement. Other Boeing ad- 
vantages include up-to-the-minute 
facilities, a dynamic industry envi- 
ronmentand company-paid graduate 
study programs (Mastersand Ph.D.). 


The Boeing representatives who regu- 
larly visit your campus will be happy 
to give you additional information 
about expanding Boeing activities 
in a broad spectrum of fields. The 
Boeing Company is an equal oppor- 
tunity employer. 
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14th Annual College-Industry Conference 


Engineering Education for International 
Competition 
Relations With Industry Division of ASEE 


Worcester Polytechnic Institute 
February 1-2, 1962 


This conference is a forum where industrialists and educators can discuss their 
mutual problems in the production and utilization of engineering talent. This year 
the speakers, drawn from both industry and education, will explore the needs of 
industry to compete with foreign production and the corresponding educational re- 
quirements of the undergraduate curriculum. The problems of continued education 
after graduation, in both on- and off-campus programs, will also be discussed. 


PROGRAM 


Thursday, February Ist 


3:15 


“The Engineering Curriculum” 


Walter R. Beam, Head, Dept. of 
9:30 “The Educational Needs of Indus ‘Ting, 
Presiding: Burton C. Baker, Chair- nic Institute 
man, RWI-ASEE 3:45 Questions and discussion. Modera- 
Welcome: Arthur B. Bronwell, Presi- tor: M. Lawrence Price 
dent, WPI 4:15 Adjourn afternoon session. 
9:45 Keynote Address: J. Herbert Hol- 6:30 Social Hour 
lomon, General Manager of Gen- 7:15 Banquet. Presiding: Arthur B. Bron- 
eral Eng. Laboratory, General well, President, WPI 
Electric Co. Address: Hilliard W. Paige, Man- 
10:45 “Needs in Design and Advanced ager, Missile and Space Vehicle 
Engineering” Department, General Electric Co. 
Lester V. Colwell, Prof. of Mech. 
Eng., Univ. of Mich. : : 
11:15 “Needs in Production and Applica- Friday Morning, February 2 
tions” 9:30 “Industry Sponsored Programs” 
Joseph R. Carter, General Manager Presiding: Glen A. Richardson, 
Eastern Division, Wyman-Gordon Head, Dept. of Elect. Eng., WPI 
Co., Worcester, Mass. 9:45 “On Campus Programs” 
11:45 Questions and discussion. Robert I. Strough, Pratt & Whitne’ 
Moderator: Donald N. Zwiep, Head, Div., United Aircraft, Hartford, 
Dept. of Mech. Eng., WPI Conn. 
12:15 Luncheon. Presiding: Wayne E. 10:30 “A Motor Industry Program” ~ 
Keith, New England Tel. & Tel. Harold P. Rodes, President, Gen- 
Co., Chairman, Industry Advisory eral Motors Institute 
Committee 11:00 “An Educator’s Viewpoint” 
Address: Martin Schilling, Engineer- Peter Elias, Prof. of Elect. Eng., 
ing & Research, Raytheon Co., M.LT. 
Lexington, Mass. 11:30 Questions and discussion. Modera- 
2:00 “Curricula to Meet the Needs” tor: Glen A. Richardson ee 
Presiding: M. Lawrence Price, Dean 12:30 Luncheon. Presiding: B. Leighton 
of Faculty, WPI Wellman, Prof. of Mech. Eng., 
2:15 “The Engineering Curriculum” WPI 
H. Guyford Stever, Prof. of Mech. President’s Message: Robert W. Van 
Eng., Massachusetts Institute of Houten, President of Newark Col- 
Technology lege of Engineering and of ASEE 
2:45 “The Engineering Curriculum” Address: Earl P. Stevenson, Chair- 
Ralph D. Bennett, Director, Research man of the Board, Arthur D. 
& Development, Martin Co., Bal- Little, Inc., Cambridge, Mass. 
timore, Maryland 2:30 Adjournment 


For a copy of the final program and registration forms write: RWI College- 
Industry Conference, Worcester Polytechnic Institute, Worcester 9, Mass. ot 
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What’s Going on in ASEE 


Society Activities Including the Major Actions of the 
Executive Board at their October Meeting 


J. W. SEYLER 
Asst. Secretary, ASEE 


Reports from the four Section meetings 
held in October indicate that attendance 
is running unusually high this year. Good 
Section programs are primarily respon- 
sible for the good attendance at Section 
meetings. Reorganization of the Society 
is being discussed at all Section meetings. 

Division activities are humming as 
usual. The Mineral Engineering Division 
is requesting a one-day session at the 
Colorado School of Mines in conjunction 
with the Annual Meeting in June, 1962. 
The Electrical Engineering Division’s re- 
quest for funds to print copies of a 
report, “Electrical-Mechanical Energy 
Conversion” has been approved. The 
Educational Methods Division proposal 
for a conference on Educational Models 
and Systems Engineering has been ap- 
proved by the Projects Committee. Fi- 
nancial support for this conference is 
being sought.-The Summer Institute on 
Effective Teaching, held the last two 
years at The Pennsylvania State Uni- 
versity, is expected to continue in 1962. 
The Industrial Engineering Division has 
submitted a proposal on a Symposium to 
Develop a Guide Curriculum for Under- 
graduates Industrial Engineering Pro- 
gram in the United States. A proposal 
for a Study of Objective Criteria in Cer- 
amic Engineering Education has been 
received and transmitted to the Projects 
Committee. 

Requests have been received recently 
for permission to translate ASEE publi- 
cations into Spanish and Japanese. The 
international interest in ASEE is being 


expressed more each day. The American 
Society for Engineering Education i 
having a direct effect on international 
engineering education as well as engi 
neering education in the United States. 

ASEE has been asked by Engineer 
Council for Professional Development to 
undertake a new evaluation of engineer 
ing education. The Society has accepted 
the invitation. The Projects Committee 
will proceed immediately to submit i 
proposal for financial support and ty 
select an appropriate committee. 


Membership 


The number of new individual mem 
bership applications received are running 
slightly above what the number was # 
this same time last year. This is due 
primarily to the activities of the member 
ship chairmen on each campus. A survej 
last year revealed that on many campuses 
more than 50 per cent of the engineering 
faculty members were not members 
ASEE. Local membership chairmen hav 
accepted the responsibility of informing 
these people of the activities of ASHE 
and inviting them to join the Society 
Since engineering education is the pi 
mary interest of engineers serving on 
engineering faculty, it is important thi 
they take an active interest in the co 
tinuing improvement of engineering edt 
cation. 

Divisional interest of members Ii 
been coded. Society headquarters ¢ 
now provide Divisions, as well as 
tions, a breakdown for the membershif 
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of the Society. Address labels for mem- 
bers of any Division or Section may be 
obtained from the Secretary at no charge. 

Additional industrial, associate, and 
affiliate memberships have been ap- 
proved with 16 new affiliate members 
added during the first three months of 
this fiscal year. 


Journal of Engineering Education 


A book review section for the JouRNAL 
oF ENGINEERING EpucaTion has been 
approved. Reviews will be limited to 
books dealing with engineering education 
and will not include text books. 


Special Projects and Proposals 


All proposals from individuals, com- 
mittees, divisions, etc., of the Society 
should be directed to the Projects Com- 
mittee. This committee will review pro- 
posals and for those accepted will seek 
financial support if necessary. An out- 
line for the procedure to be followed in 
submitting proposals may be obtained 
from the office of the Secretary. 


New Committees and Appointments 


The Engineering College Administra- 
tive Council has announced the appoint- 
ment of two new committees. The Com- 
mittee on the Analysis of Engineering 


Enrollments will have as its chairman 
L. A. Brothers. The committee to con- 
sider all matters germane to the young 
men in engineering teaching will have as 
its chairman D. V. Heebink. 

The Engineering College Research 
Council announced a new Committee on 
Research in Graduate Study with J. C. 
Calhoun, Jr., as chairman. The com- 
mittee will study the importance of re- 
search programs in graduate study. 

President Van Houten announced the 
appointment of Dr. Alex Rathe as the 
ASEE representative to the newly-formed 
Industrial Engineering Terminology 
Committee of the American Society of 
Mechanical Engineers. 

Two ad hoc committees have been ap- 
pointed by President Van Houten. One 
Committee is to study the location of 
Society headquarters. C. C. Chambers is 
chairman. Members of the committee 
are J. C. Calhoun, Jr., E. C. Easton, John 
Gammell, F. C. Lindvall, R. A. Morgan, 
with W. Leighton Collins and R. W. 
Howes as consultants. 

The other committee is to study the 
dues structure for members 36 years of 
age and under. B. J. Dasher is chairman. 
W. W. Burton, A. B. Cambel, H. A. 
Foecke, G. D. Lobingier, C. E. Schaffner 
and A. Ray Sims are members of the 
committee. 


RADIATION PROTECTION PROGRAM AT NEVADA SOUTHERN 


Formal college courses to train students in protection against radiation exposure 
are in the planning stage at the University of Nevada’s southern regional division in 


Las Vegas. 


Dr. William Carlson, dean of Nevada Southern, said courses are being developed 


which may even lead to baccalaureate degrees in radiation protection and control for 
those students who want to specialize as technicians in the field. An evaluation of the 
need for such technicians is now under way at Nevada Southern under an $18,500 
grant from the federal government's radiological health division, which has a laboratory 
on the local campus. 

According to estimates of the U. S. Surgeon General’s national advisory committee 
on radiation in 1959, 4,000 technicians will be required by 1970 to meet the needs in 
industry, research, and federal, state, and local health agencies 

The radiological laboratory on the Nevada Southern campus serves the area west 
of the Mississippi and is the only one to be found on a university or college campus. 
Expanding programs in radiation protection and control on a national, state and local 
level, are said to be hampered by a serious shortage of radiation technicians. 
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POST 
PUTS THE MOST 
in surveying equipment 


Durability and dependability of Post Leveling 
Rods and Range Poles are nowhere more ap- 
parent than in field surveying work, often distant 
from replacement equipment. The best quality 
is the cheapest in such cases, so check the many 
exclusive features of Post Field Equipment. 


POST Leveling Rods 


There’s no better buy than Post Philadelphia 
Rods. Kiln-dried maple, end-sealed construction, 
non-corrosive fittings and fastenings, brilliant 
embossed numerals and markings, combine with 
fasteners set in Heli-Coil inserts to make these 
rods a stand-out value for rough use. Lifetime 
Viking finish, clamps with Teflon inserts for 
easy extension. 


Perma-Clad Range Poles 


Practically indestructible, Perma-Clad chip-proof 
poles are light weight tubular aluminum, sheathed 
and bonded to an integrally colored, impact- 
resistant plastic. They end the eventual warping, 
fading, scarring, surface erosion and breakage of 
ordinary painted wood poles. Screw-type, non- 
corrosive joints. 


Fiber-Lite Range Poles 


A completely new approach to range pole design. 
Made of tubular, resin-impregnated Fiberglas, 
they are rugged, yet extremely light weight and 
resistant to both moisture and rough handling. 
Alternating one-foot color bands of white and 
international orange are an epoxy-resin paint. 
Socket and ferrule joints. 


For full information, write for Field 
Equipment Catalog. Frederick Post Gy 
Company, 3650 North Avondale Ave- 


nue, Chicago 18, Illinois. 
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presents the second edition of 


“It is the consensus of our staff that this represents the very 
best choice of a text for this subject for mechanical engineer- * 
ing students.” Professor Robert W. Adamson, California State 
Polytechnic College. 


STRENGTH OF MATERIALS 


Second Edition 
by Ferdinand L. Singer 


Retaining the features that made the classic first edition one 
of the most widely used textbooks, STRENGTH OF MATE- 
RIALS has now been thoroughly revised and updated. The 
major emphasis is on elastic analysis, while plasticity is also 
covered extensively. As before, axial, torsional, and flexural 
loading are discussed separately before the combined effects 
are considered. 


New features include an exceptionally complete discussion 
of beam deflections, with a simplified treatment of double- 
integration which greatly expands its application; use of 
energy methods of deflection, an expanded concept of shear 
flow; extended analysis of states of stress and strain with 
emphasis on the application of Mohr’s circle to strain gage 
and rosette analysis; and increased coverage of welded con- 
nections including those eccentrically loaded. Riveted and 
welded connections are now relegated to the latter part of 
the book. Completely revised problems with 2/3 of the 
answers in the text. Solutions Manual available to teachers 


who have adopted the text. 590 pp. $8.75 


and don’t forget 


SHOCK AND VIBRATION IN LINEAR 
SYSTEMS 
by Paul A. Crafton 
An introduction to the theory and applications of shock and 
vibration in linear mechanical and structural systems. Treats 
fully both transient and steady-state phenomena, making full 


use of the operational calculus, transfer functions, mechanical 
impedances, and mechanical circuits. 399 pp. $10.00 


HARPER & BROTHERS, 49 E. 33d St., N. Y. 16, N. Y. 


Teaching Positions Available 


This section is available for advertisement of teaching positions available 
by Institutional Members of the American Society for Engineering Education 


= a cost of $2 per line or fraction thereof, with 


a minimum charge of $10. 


pecific salaries cannot be mentioned in the advertisement. Insertion or with- 
eed of advertising must be by the first of the month preceding publication. 


Sen 
University of Illinois, Urbana, Illinois. 


INDUSTRIAL ENGINEERING — TWO 
positions available starting in September, 
1962. Ph.D. in LE. with major in Op- 
erations Research to spearhead the de- 
velopment of a graduate program in OR 
at the Masters and Ph.D. levels. Mini- 
mum of 3 years of teaching and OR ex- 
perience. Salary open. M.S. in LE. to 
teach traditional courses in I.E. from an 
overall systems design viewpoint using 
the modern approach of statistical analy- 
sis and model simulation. Minimum of 
five years of industrial engineering and 
teaching experience. Salary open. Send 
biographical resume (include 3 refer- 
ences) to Chairman, Department of 
Industrial Engineering, University of 
Miami, Coral Gables 46, Florida. 


TEACHING POSITIONS AVAILABLE 
in all fields of Engineering for rapidly 
growing Engineering Department. M.S. 
required, Ph.D. desirable. Salary and 
rank commensurate with background. 
Apply to the Head of the Engineering 
Department, Los Angeles State College, 
Los Angeles 32, California. 


TEACHING POSITION IN THE DE- 
partment of Civil Engineering of a small 
midwestern college, which specializes in 
undergraduate engineering and science, 
is open in February. Ph.D. desired. Field 
of interest — dynamics of structures or 
engineering mechanics. Rank and salary 
consistent with education and experience. 
Apply to: Richard H. F. Pao, Depart- 
ment of Civil Engineering, Rose Poly- 
technic Institute, Terre Haute, Indiana. 


d insertions to Advertising Manager, Journal of Engineering Education, 


FLUID MECHANICS, HYDRAULICS, 
Groundwater — Our new Engineering 
Center was completed in 1957 and we 
now have a large hydraulics laboratory 
and an aerodynamics laboratory with a 
combined space of over 60,000 square 
feet under construction. When the labo 
ratories are completed, we will greatly 
expand our well-established and _ rather 
large graduate and research programs 
This will require several additional staf 
members. Ph.D. required. Rank and sat 
ary commensurate with qualifications 
Write to Milton E. Bender, Head, De 
partment of Civil Engineering, Colorado 
State University, Fort Collins, Colorado. 


ASSOCIATE PROFESSORSHIP IN 
English department of college of engi 
neering. Position will consist of half-time 
teaching, including technical writing 
course, and_ half-time editorial work. 
Some experience and master’s degree tt 
quired. Apply to Professor Paul V. 
Thompson, Ketchum 227, University o 
Colorado, Boulder, Colorado. 


CIVIL ENGINEERING — Ph.D. RE 
quired, with outstanding record of cur 
rent research. Teaching and_ research 
position in new graduate program. Pri 
mary responsibilities will be organization 
of research program and administration 
of graduate students. Salary and_ ramk 
dependent upon qualifications. Send per 
sonal resume, including references, 1 
Dr. M. I. Mantell, Chairman, Depat- 
ment of Civil Engineering, University @ 
Miami, Coral Gables, Florida. 
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POSITIONS AVAILABLE IN ME- 
chanical Engineering. Ph.D. degree. Sal- 
ary and rank commensurate with quali- 
fications. Apply at Mechanical Engineer- 
ing Department, Louisiana State Uni- 
versity, Baton Rouge, Louisiana. 


METALLURGICAL POSITION AVAIL- 
able in Mechanical Engineering. Oppor- 
tunity to develop both graduate and un- 
dergraduate programs and do consulting. 
Salary and rank commensurate with 
qualifications. Apply at Mechanical En- 
gineering Department, Louisiana State 
University, Baton Rouge, Louisiana. 


ELECTRICAL ENGINEERING PRO- 
fessor positions available February 1, 
September 1, 1962, for Professor and 
Associate Professor with doctoral degree. 
Opportunity for research and advisement 
of doctoral candidates in new doctoral 
program in large rapidly-expanding ur- 
ban engineering college. Salary open, de- 
pending on experience and qualifications. 
Write Chairman, Department of Elec- 
trical Engineering, Newark College of 
Engineering, 323 High Street, Newark 
2, New Jersey. 


CHEMICAL ENGINEERING PROFES- 
sor needed September 1962. Teaching 
or industrial experience desirable, not 
mandatory. Responsible for graduate and 
undergraduate lectures. Man with proven 
research ability desired. Consulting prac- 
tice permitted. Write: A. C. Plewes, 
Chemical Engineering Department, 
Queen’s University, Kingston, Ontario. 


XXV 


MECHANICAL ENGINEERING AND 
Mechanics positions available: (1) Ph.D. 
in heat transfer and fluid flow, teaching 
and research assignment. (2) Ph.D. in 
applied mechanics, teaching and research 
assignment. (3) M.S., teaching under- 
graduate M.E. courses and supervising 
graphics program. Apply to Chairman 
Department of Mechanical Engineering, 
University of Denver, Denver 10, Colo. 


TEACHING POSITIONS — MECH. 
Engr., Civil Engr., and Physics, July, 
1962. University-ICA contract, Technical 
Institute, Ibadan, Nigeria, M.A. degree 
desirable, but not required. Some teach- 
ing and industrial experience required. 
Two-year assignments. Salary based on 
degree, teaching and industrial experi- 
ence. Utilities, housing and international 
transportation for family furnished. Write 
to George E. Kohrman, Dean of Applied 
Arts and Sciences, Western Michigan 
University, Kalamazoo, Michigan. 


EXPERIENCED Ph.D. IN APPLIED 
Mechanics. Opportunity to expand grad- 
uate instruction and research programs. 
Write Walter J. Seeley, Dean, College 
of Engineering, Duke University, Dur- 
ham, North Carolina. 


CIVIL ENGINEERING TEACHING 
Position open Jan. 15, 1962. Rank and 
salary dependent on degree and experi- 
ence. Write, E. D. Dake, Chairman, 
Civil Engineering Dept., South Dakota 
School of Mines & Tech., Rapid City, 
South Dakota. 


Teaching Positions Wanted 


This section is open to any individual seeking a teaching position regardless 
of membership in ASEE. The rate is $2 per line with a minimum charge of $10. 
Insertion or withdrawal of advertising must be by the first of the month pre, 


ceding publication. Send insertions 


to the Advertisin ver. Jou 
ois 


Engineering Education, University of Illinois, Urbana, 


ELECTRICAL ENGINEERING PRO- 
fessor, Ph.D. seeks challenging position 
combining administration and teaching. 
Broad experience in graduate and under- 


graduate program design. Write 52-5, 


Journal of Engineering Education, Ur- 
bana, Illinois. 
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Section Meetings 


Section Location of Meeting Dates Chairman of Section 
Allegheny Pennsylvania State April 27 & 28, O. E. Lancaster, 
University . 1962 - Pa. State University 
Illinois-Indiana Univ. of Notre Dame May 12, 1962 E. W. Jerger, 
Univ. of Notre Dame 
Kansas-Nebraska University Oct. 1962 P. G. Kirmser, 
of Nebraska Kansas State University 
Michigan Wayne State Univ. April 7, 1962 J. S. Johnson, 


Wayne State Univ. 
Middle Atlantic Columbia University Dec. 1961 J. G. Truxal, 
Brooklyn Poly. Inst. 


Missouri-Arkansas Univ. of Arkansas April, 1962 J. L. Imhoff, 
Univ. of Arkansas 


National Capital Area G. L. Hickox, 
Alexandria, Virginia 
New England Dartmouth College Oct., 1962 H. R. Beatty, 
Wentworth Institute 
North Midwest North Dakota Oct., 1962 F. C. Mirgain, 
State University North Dakota 
State Univ. 
Ohio Ohio University April, 1962 L. F. Hicks, 


Ohio University 
Pacific Northwest | Washington State April 27 & 28, L. D. Luck, 


University 1962 Wash. State Univ. 
Pacific Southwest Las Vegas, Nevada Dec. 27 & 28, A. C. Ingersoll, 
1961 Univ. of Southern 
Calif. 


Rocky Mountain Univ. of Colorado April 28, 1962 H. E. Johnson, III 
Univ. of Colorado 


Southeastern Vanderbilt University April, 1962 L. E. Schoonmaker, 
Univ. of Florida 
Southwest Texas Tech. College April 6 & 7, I. W. Roark, 
1962 Univ. of Tulsa 


Upper N. Y.-Ontario Alfred University Oct., 1962 F. H. Gertz, 
Alfred Univ. 


Mid-Winter Meetings - 1962 


Cooperative Education Jan. 22-24, 1962 Hotel Ambassador, Washington, D. ¢ 
Information: M. J. Vaccaro, Goddard Space Flight Center, Greenbelt, Md. 
Engineering Graphics - Jan. 16-18, 1962 University of Wisconsi 


Information: K. G. Shiels, Assistant Dean of Engineering, University of Wisconsi 
Madison, Wisconsin. 
College-Industry Conference Feb. 1-2, 1962 Worcester Polytechnic Institt 


Information: Bernard L. Wellman, Prof. of Mech. Eng. & Head, Drawing Divisio 
Worcester Polytechnic Institute, Worcester, Massachusetts. 


XXVI Jrl. Eng. Ed., Vv. 52, No. 3, Dec, 1 


JOUF 


FO! 


i 


titute 


ngton, D. ¢ 


of Wisconsi 
f Wisconsi) 


hnic Instite 
ing Divisi 


». 3, Dec. 


JOUR. ENG. ED.—December 1961 XXVII 


mas Report on an 
Career Challenge 
for Scientists and Engineers 


FIND 
APPLICATIONS conning comin 


energy directly into useful 


electricity, fuel cells stand 
FOR FUEL CELLS 
power source, compact 
and efficient. Just recently 
fuel cells have begun to 
find some useful applica- 
tions. 
mlon-exchange mem- 
brane fuel cells—General 
CATALYTIC Electric’s most advanced 
design—solve the _ gas- 
liquid-solid contact prob- 
lem of traditional fuel 
cells by eliminating the 
i liquid phase entirely. All 
—— OXYGEN IN reaction sites are ‘‘frozen’”’ 
by the use of a solid elec- 
trolyte, a plastic mem- 
brane that permits hydro- 
gen ions to migrate from 
one electrode to the other. 
(see diagram). Ion mem- 
brane fuel cells consume 
fuel only on demand. 


m@ Hence, the usefulness of G.E.’s new 200-watt back-pack composed of 


thirty-five 9x14-inch ion-membrane cells. Running on air, the fuel is 
hydrogen generated from sodium borohydride in a 9-pound reactor. 


@ This G-E fuel cell powered an Army Silent Sentry radar set using 60 
watts, and an AN/GRC-5 receiver-transmitter using 150 watts. Plenty 
of study remains before fuel cells can find work in lunar vehicles, in 
submarines and sonobuoys, and as emergency power for civil defense 
and missile sites. 

m@ FOR MORE INFORMATION on fuel cells, write for publication GED- 
4111B to Engineering Services, General Electric Co., Schenectady 
5, N. Y. An Equal Opportunity Employer. $J-553 
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room for learning 
Where there is room for learning, there is room for 
growth—for both the individual and the company in 
a dynamically growing industry. In the pursuit of 
new knowledge, IBM has found that education must 
be a continuing, lifetime process. 


IBM employees have:a wealth of educational oppor- 
tunities. The annual expenditure for education ex- 
ceeds $40 million. More than 600 full-time instruc- 
tors teach several hundred different courses at 25 
IBM education centers in the United States. 


IBM’s Advanced Education Program includes the 
Advanced Education Fellowship Program which pro- 
vides full-time study for a Ph.D. or Master’s Degree 
at the university of the employee’s choice. Under | 
the Graduate Work-Study Program, engineers, sci- 
entists and mathematicians can undertake part- 
time graduate studies at nearby universities con- 
current with active employment. : 


The Advanced Technical Education Program pro- a 
vides courses in advanced fields for broadening the 
individual's grasp of complex technical subjects. 


- The IBM Systems Research Institute gives selected 
employees advanced technical training at the grad- 
uate school level in computer systems applications. 


IBM has also established a framework for encour- 
aging employees to broaden their scope of interests 
and increase managerial abilities. The General Edu- 
cation Program offers courses on a wide variety of 
subjects of general interest to individuals. The Tui- 
tion Refund Program helps the employee advance 
his education at any accredited school. 


To continue its growth and progress, IBM is look- 
ing for individuals who want growth through learn- 
ing. We will be glad to supply you with brochures 
to pass to students describing career opportunities 
at IBM. All applicants will receive consideration for 
employment without regard to race, creed, color or 
national origin. Write to: Director of Professional 
Employment, IBM Corporation, Dept. 886M, 590 
Madison Avenue, New York 22, N. Y. 


: 
Re 
: : 
3 i 
: 


mber 196] 


JOUR. ENG. ED.—December 1961 


POWER PACKAGE 
FOR THE FUTURE 


@ The fuel ceil is the most efficient source of power available to man. 
An automobile engine has a thermal efficiency of less than 25%. The 
efficiency of a central steam power station does not exceed 40%. The 
Union Carbide fuel cell has an efficiency of 60% to 85%. 


@ The fuel cell is an old concept made practical by modern technology. 
Basically, it is an electrochemical couple (or battery). Its electrodes are 
reducible and oxidizable gases, continuously fed from outside sources. 


@ Cells based on hydrogen and oxygen reactants have the highest 
theoretical output (1620 watt hours per pound of active reactants) of 
any presently known practical electrochemical system. Union Carbide’s 
cell is of this type. Only recently, means have been found for speeding 
the reaction to allow hydrogen-oxygen fuel cells to furnish practical 
amounts of energy at normal temperatures and pressures. 


@ The future? Fuel cells may power automobiles and trucks. Other pro- 
pulsion proposals include switching engines, tractors, inplant vehicles, 
and golf carts. Use of waste hydrogen from 
industrial operations offers possibilities for power 
regeneration. Uses for the fuel cell are limited 
only by man’s imagination. 


UNION 
CARBIDE 


@ For the booklet ‘“‘Union Carbide Fuel Cell,” 
write to Union Carbide Corporation, Department P, 270 Park Avenue 
270 Park Avenue, New York 17, New York. New York 17, N. Y. 
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ASEE PUBLICATIONS AND REPRINTS 


Mail orders to: W. Leighton Collins, Secretary 
The American Society for Engineering Education 
University of Illinois 
Urbana, Illinois 


If payment accompanies the order there will be no charge for postage. 


1. Report on Evaluation of Engineering Education.......................-005. 


. General Education in Engineering Curricula — Old Issues and 


2 

3 

4 

5. Manual’of Graduate Study in Engineering. 
6. Facilities and Opportunities for Graduate Study in Engineering.............. 
7. Professional Graduate Study in Engineering, M. P. O’Brien................... 
10. Engineering Faculty Recruitment, Development, and Utilization............... 
11. Analysis of Educational Potential in Engineering Colleges, S. C. Hollister...... 
12. Engineers and/or Scientists, Eric A. Walker... .. 
13. Proceedings of the First Conference on Design Education................... 
14. Report on Engineering Design, MIT Committee.......................0.005- 
15. ECRC Research Review, 1961 (Old issues $2.00 per copy).................. 


16. A Survey of Research in the Nation’s Engineering Colleges: 
Capabilities and Potentialities — July 1956 to June 1957................. 


17. Research Relations Between Engineering Educational Institutions and 
Industrial Organizations (Purchase from Superintendent of Docu- 
ments, Washington 25, D. C., 25c 
18. Report of Committee on Engineering Education After the War................ 
20. Recognition and Incentives for Good 
21. A Report on Objective Criteria in Nuclear Engineering Education............. 
22. An Engineer’s Library — Guide to the 


24. Salaries and Income of Engineering Teachers (Joint Study of 


25. Do You Need More High Quality Engineers? 
A brochure explaining ASEE’s Industrial Fellowship Plan................. 


26. Report on Engineering Education Exchange Mission to the Soviet Union........ 
27. First Pan-American Congress on Engineering Education..................... 
28. Reconstruction of Mathematical Education, W. W. Sawyer.................-: 
31. Problems and Potentialities of the Technical Institute........................ 
32. The Technical Institute in America (Order from McGraw-Hill Book Co.) 
33. Literature Significant to Education of the Technical Institute Type............. 
34. JouRNAL OF ENGINEERING EDUCATION 
Proceedings (bound volume of JourNAL, hard cover) Non-members........ 
Back issues at reduced prices Members............ 


Above prices are for single copies; quantity prices upon request 
An additional charge of 10c per publication is made for foreign shipments 


ASEE Lapel Button, Pin, or Watch Charm (indicate which)....... 
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“SPECIALISTS IN LOW-COST 
TRAINING AIDS 


NUCLEAR SCIENCE 


FOR 
CLASSROOM 
DEMONSTRATIONS 
AND 

LABORATORY 
EXPERIMENTS 


A group of basic training kits 
and instruments is now 
available to aid in teaching 
the nuclear sciences. 


THE LEADER 
IN THE 

NUCLEAR SCIENCE 
EDUCATION FIELD 


Write for free 48-page booklet, 
Educator and the Atom’’ 


Request education catalog EW 


ATO Mii OCCESSOES IC. 


Subsidiary of Baird-Atomic, Inc. 


811 W. Merrick Rd., Valley Stream, N. Y. 


Represented nationally by Baird-Atomic Sales Offices 
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FUNDAMENTALS OF 
ENGINEERING ELASTICITY 


S. F. BORG, Stevens Institute of Technology 


Representing a fresh, new approach in teaching strength of 
materials to undergraduate students, the book focuses sharply 
upon the relationship between the mathematical and engineer- 
ing theory of elasticity. After introducing the elements of 
matrix-tensor theory and finite difference calculus, Professor 
Borg presents the equations of the linearized theory of elasticity 
and derives the simplified methods used in engineering. Sub- 
sequent chapters analyze key structural units, first iY the 
more exact linearized theory, then in the approximate en- 
gineering solutions. Ready in January 


ADVANCED STRUCTURAL ANALYSIS 


S. F. BORG and JOSEPH J. GENNARO, both of Stevens Institute of Technology 


Already adopted at over 30 universities, this text makes a 
significant contribution to engineering education. 


“A comprehensive analysis of structural theory and its 
applications is presented in this book. Starting with the most 
basic classic concepts, the authors develop the most recent 
methods, including the principles of slab and shell analysis, 
temperature analysis at numerical methods. A particularly 
significant chapter examines the uses of electronic computers 
for solving structural problems.” Wayne Engineer 

1959 368 pages $7.50 


MECHANICS 


ALFREDS R. JUMIKIS, Rutgers University 


Focusing on the nature of soil as an engineering material, 
the author stresses the effect of load, water, and temperature 
on the performance of soil, and presents an up-to-date sum- 
mary of soil classification systems. Basic theories, such as 
seepage through earth dams, the consolidation theory of clays, 
the stress distribution theory in soil, and the earth pressure 
theory, are simply and effectively explained. 

Ready in March 
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STRENGTH OF MATERIALS 


STEPHEN TIMOSHENKO and D. H. YOUNG, both of Stanford University 


Completely rewritten and condensed by some 50 pages, the 
Fourth Edition of this classic text retains the same general 
approach that established the book’s reputation for excellence. 
It relies on physical and geometrical considerations of de- 
formation to establish the patterns of stress distribution under 
various types of loading. 


In this edition, most of the 400 problems (with answers ) 
are new. Notations have been changed to conform to current 
usage. The material on strain energy, previously gathered into 
a single chapter, has been distributed among several chapters 
in order to better integrate it with the rest of the subject. By 
this approach, stress under dynamic loads can be discussed 
in parallel with stress under static loads, thereby giving more 
life and variety to the problems. 


The material on combined stresses has also been redis- 
tributed throughout the book. New sections dealing with 
plastic analysis and limit design have been added. 


In the chapter on statically indeterminate beams, the 
authors discuss the Castigliano theorem and its application to 
statically indeterminate problems. The text proper ends with 
a greatly expanded chapter on the mechanical properties of 
materials, including many new developments in this field. 


Examination copies available November 1. 


VAN NOSTRAND COMPANY: Inc. 


120 ALEXANDER STREET PRINCETON + NEW JERSEY 
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INTRODUCTION to 
SPACE DYNAMICS 

By WILLIAM TYRRELL 
THOMSON, University of Cali- 
fornia, Los Angeles. This book — 
abundant with examples and prob- 
lems — presents the fundamental 
principles of dynamics with appli- 
cations to dynamical problems in 
the newly awakened field of space 
technology. 1961, 356 pages. 
$9.50. 


DISCRETE VARIABLE 
METHODS in ORDINARY 
DIFFERENTIAL EQUATIONS 

By PETER HENRICI, Uni- 
versity of California, Los Angeles. 
1961. Approx. 496 pages. Prob. 
$10.50. 


SCIENTIFIC BASIS of 
ELECTRICAL ENGINEERING 

By JAMES M. HAM and GOR- 
DON R. SLEMON, both of the 
University of Toronto. 1961. Ap- 
prox. 744 pages. $9.95. 


MANAGEMENT MODELS and 
INDUSTRIAL APPLICATIONS 
of LINEAR PROGRAMMING 
—In Two Volumes. 

By ABRAHAM CHARNES, 
Northwestern University, and 
WILLIAM W. COOPER, Carne- 
gie Institute of Technology. Vol- 
ume I: 1961. 467 pages. $9.75. 
Volume II: 1961. Approx. 448 
pages. $9.75. 


UNIT OPERATIONS of 
SANITARY ENGINEERING 

By LINVIL G. RICH, Clemson 
College. 1961. 308 pages. $9.00. 


SIMPLIFIED MECHANICS and 
STRENGTH of MATERIALS 
Second Edition 

By HARRY PARKER, Universi- 
ty of Pennsylvania. 1961. 281 
pages. $5.75. 


PRESTRESSED CONCRETE 
SIMPLY EXPLAINED 

By HARRY KAYLOR, Consult- 
ing Engineer. 1961. 158 pages. 
$5.25. 
UNDERSTANDING 
DIGITAL COMPUTERS 

By PAUL SIEGEL, Interna- 
tional Electric Corp. 1961. 403 
pages. $7.00. 
VECTOR MECHANICS for 
ENGINEERING—Part |: Statics; 
& Part Il: Dynamics 

Edited by HARRY R. NARA, 
Case Institute of Technology. 
1961. In Press. 
FLUID MECHANICS 

By RICHARD H. F. PAO, Rose 
Polytechnic Institute. 1961. 502 
pages. $7.50. 
PLANT PRODUCTION and 
CONTROL—Third Edition 

By CHARLES A. KOEPKE, 
Consulting Engineer. 1961. Ap- 
prox. 384 pages. $8.95. 
MINERALS for the CHEMICAL 
and ALLIED INDUSTRIES— 
Second Edition 

By S. J. JOHNSTONE and 
M. G. JOHNSTONE. 1961. In 
Press. 
The MECHANICS of INERTIAL 
POSITION and HEADING 
INDICATION 

By W. MARKEY, and J. HO- 
VORKA, both of the Massachu- 
setts Institute of Technology. 
1961. 94 pages. $3.95. 
PROCEEDINGS of the FIRST 
SYMPOSIUM on ENGINEERING 
APPLICATIONS of RANDOM 
FUNCTION THEORY and 
PROBABILITY 

Edited by JOHN L. BOGDAN- 
OFF, and FRANK KOZIN, both 
of Purdue University. 1962. In 
Press. 


Send for your examination copies today. 


JOHN WILEY & SONS, Inc. 


440 Park Avenue South, New York 16, N. Y. 
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